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ON MOMENTS AND CUMULANTS OF 
SYSTEMS OF STATISTICS 


By G. S. JAMES 
University of Leeds, England 


SUMMARY. A direct proof of Fishor's sampling rules for L-statisties is presented, in such a 
form that their generalization for other systems of statistics bocomes apparent. 


1. INTRODUCTION 


The work we are about to discuss had its origin in the problem of deter- 
mining standard errors and higher moments of the sampling distributions of mo- 
ment-statistics. The derivation of these results is straightforward but tedious 
and the answers are very complicated in all but the simplest cases. (See, for example, 
Tehouproff (1919, 1921), Church (1925)). 


Ne ele Өг ата was шабе by Fisher (1930). Не introduced certain 
оаа ayaa MA e Es which run called h-statistics, whose expectations are 
sampling INS d dut TA BE tlie (infinite) population. He found that if the 
ROC e КЕ ү k-statisties were expressed in terms of the population 
series ОЛСА, эл, бөр E much simplified; more important. he gave, in a 
also gave an outline of a proof inatorial procedure for arriving at these results. He 
to “... trace the origin 55 T ue rules. Sukhatme (1938) wrote a paper in order 
combinatorial method of eval 55 [Fisher's] method and to describe the parallel 
ОМО dis r o aluating the coefficient of the moment term in the moment 
particular EO wers and products of any k's.” This he did by means of a 
PULSAT examples, which, while they greatly help the student to 

isher's thought-processes when framing the rules, were not intended, it 


1 


è 


Vor. 20] SANKHYÀ: THE INDIAN JOURNAL OF STATISTICS [ Parts 1 & 2 


is believed, to furnish a full proof of them. M. G. Kendall (1940) developed a 
novel operational approach and used it (Kendall, 1940A) to give a new proof. While 
sufficiently neat, the approach is largely descriptive, and much is left to the reader’s 
imagination—much that at least one reader finds difficult. 


One object of the present paper is to present a direct proof, which it is hoped 
is both reasonably rigorous and easier to follow than earlier ones. In spite of the fact 
that simple explanatory examples have been introduced in various places, it will 
probably be helpful in practice if the reader has first read Chapter 11 of Kendall’s 
(1947) book in order to get a working knowledge of the rules (which as Kendall 
remarks, are not as difficult as they look). 


The second object of the paper is to consider how the results are modified 
when we consider the sampling properties of a general set of statistics z,, 25, ..., (being 
homogeneous polynomial symmetric functions of the sample values, of degrees 1, 2,..., 
respectively) instead of the set of k-statisties. This problem was partially considered 
by Kendall (1942). His purpose was to see whether a set of sample statisties could 
be found which would obey even simpler rules than Fisher's, and this conclusion was 
in the negative, provided that one also required the new statistics to be seminvariant 
(i.e. absolutely invariant under a change of origin). However, he did not actually 
formulate all the rules for general st 


atistics, although he did come very near to doing 
80. 


There is nothing in this paper which throws any doubt on Kendall's conclu- 
sion about the central position occupied by the k-statistics. Why, 


then, should we 
investigate other statistics than the 's ? 


I think one answer was given by Sukhatme (1944). 


He said, “Practical 
Statisticians have been slow to 


adopt Fisherian results into regular use. Several 
instances may be quoted where statisticians have preferred to transform his results 


into direct moments for purposes of practical application... This situation is prob- . 
ably partly explained by the nature of k-statistics themselves which are slightly more 
difficult to comprehend and lack the simplicity of expression of moment-statistics,”’ 


Another answer is that in theoretical investigations we sometimes need 
expressions for the cumulants of sets of statistics other than the 's; thus the 
author recently required joint cumulants for the rather odd series of sti 


atisties, 
% = 8 (r = 1,2, . .). Despite the fact that z, = 21, the general theory will deal 
with this. 

Sukhatme (1944) worked out, by pedestrian methods, formulae for the moments 
of the sample moments (m; = 2; m, = X(v;—g&y|n, т = 2,3, ...) in terms of popu- 
lation moments, for samples from either a finite or infinite population, recording 
most of them up to order eight. Other authors have considered the problem of ex- 
pressing the cumulants of the sample moments in terms of population eumulants. 
For example, Craig (1928) used direct methods, St. Georgescu (1932) used “associated 
functions" and a combinatorial method rather different from Fisher's, while Wishart 
(1933) modified Fisher's results by an operational method. 
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The extension of the work to multivariate sampling has been considered 
right from the beginning (Fisher, 1930), two main approaches being discernible : 
that in which we start with results in as many variates as possible and then specialize 
to get univariate, bivariate, ... results by equating variates, and that in which we 
start from a univariate formula and generalize it by processes of symbolie operation. 
The first approach is represented by Fisher, and in more modern times by Kaplan 
(1952), who made it more tractable by using “tensor” notation. The second is re- 
presented by Kendall (1940B). There is also the direct approach, again represented 
by Kendall (1947), in which bivariate results, for example, are derived by considering 
partitions and bipartitions of bipartite numbers, instead of ordinary numbers. While 
a description of the latter appears in $ 3 of this paper, our proofs are mostly 
based on the Fisher-Kaplan approach, univariate and less general multivariate results 
being obtained as special cases, because this process seems to simplify the proofs very 
considerably. 


Most of the recent work on the general theory has been in attempting to 
generalize the results to the case of sampling from a finite population, but we shall 
not touch on this very interesting problem here. 


2. THE PROBLEMS AND RULES 


Let а, ...,*, be a sample of size n, drawn from an infinite population whose 
moments about the origin are % = Ha", and whose moments about the mean are 


„= Ble wy = У (=P bee, 2) 
j-0 Т 


The cumulants, к,, of the population are defined by the formal relation 


1 r! 


KO _ tog у шб" . (8.9) 
T 70 


T 
D a 9 
k= X (DA) Р t EU Ee (2.3) 
ahr 411 0 f. 1 а 
» 
9. 
where = r! : . (24) 
ft 4 a a 
дА (arl) 125! ... (ag!) 4 
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i y > enotes the sum over ail the partitions 
8 ultinomial coefficient, and denotes t} 
is a “reduced m / e 
( duode ад) от (а) for conciseness, of the number T5 with X «a, = as La; =a 
а . > j j 


(We shall always denote partitions by triplets of lower-case, Greek and capital letters 
such as d, œ, A). Similarly 


„= > Кал Seren „Жж (2.5) 
[у == 1 1 A ( 
(apr 


Fisher (1930) defined the statistic /, as that polynomial symmetrie function 
of the sample values 2,,...,v, whose expectation is k,; hence 


, e ад 
j L X (v; АЕ? ON Hm — 
k, e-. E E 
657. 15 ce, Qu 
3 2 2x25. v . 6 yum) 
— — р cmm 1 
= (—)* (0—1) A EA zs A . (2.6) 
(apr нр" МА 
where qne — n(n—1)... (n—a--1), (2.7) 
Ч 71 2.8 
«ыа id 


(2,1)... (444 
is the ordinary multinomial coefficient, and X’ 
values of the suffices i, dox 


obtained as the suffices 15... 
between 1 and n. 


denotes summatio 
while X denotes summation over 
are replaced by any permut: 
(The latter is the standard not 
for any such monomial symmetric function.) 


n over all unequal 
all different terms 
ation of a unequal numbers 
ation in symmetric function theory 
The notation (af ... 444) for a partition of r m 
form" ; the same partition may be written in“ 
ample, (221) and (221) both represent the s 
Of i, da, . 


ay be called its 
‘extended form" as ( 
àme partition of 5, 

.. have been changed, but no confusion between the 
and the extended form often leads to sim 


In extended form, (2.6) may be written 


Mo EP CAPE, mu 


nie 


“condensed 
1 . . da). For ex- 
Of course the meanings 
notations should arise, 


pler-looking (and simpler-printing) formulae, 


r ; 
)3 аж 4% Bola d) D aate, . (2.9) 
(a)pr 
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а-а 1)! 
where Buy (ay . da) = a dase) (2.00) 


It should be remembered that X in (2.9) still denotes a monomial symmetric function. 


В(ьу(ау...а„) is thus the coefficient of 01...04 in k, reduced by the appropriate 


multinomial coefficient ; actually it is a function only of a. the number of parts in the 
partition, but the corresponding quantities for other sets of statistics than the k, 


depend in more detail on the partitions, as will be seen immediately. 


The sample estimates of д, and zp, as usually defined, are m, = 171 a, and 


r-2 
m, = n-X(v,—m) = Б (—» ( j ) т mj--(—)y-Wr--lya. .. (2.11) 


j-o 


We may write these formulae in the form 


Mm, = Y: la » P B (aj > de) Lr. . 4, (2.12) 
(a)pr 5 v 
m= F(a, .) Bots da) ana — 28) 
(a)pr a E 
where BG = Un, Вг у(ау... аа) = 0 | ( +2 2); (2.14) 
Bim (2) = (n—1)m3 Bim (1!) = /n; (2.15) 
Bem (3) (u- 1) - 2)/ 18, By (21) =—(®—2)/п®, Bo, (15) = 2/n* ; (2.16) 
Bum (4) = (n—1)n2—3n4-3)/*, Bo(31) = —Q8—3n4-3)/n*, (2.17) 
Bom (22) = (2n—3)/m5, Bí, (212) = (n—3)/m*, B) us; 
Bay (5) = (n—1)(n—2)(n2—2n--2)[n*, Bim(41) =—(n—2)(n®—2n-+2)/n?, . . (2.18) 
Bim (32) = ( 2) / 8, Bo, (3 12) = (n?—3n+4)/n*, 
Bim (221) = 202/16, Bon (219) = —(n—4)/n^, Beni) = 4/n* ; 
Boy ( 6) = (n—1)(n1—5n2-1-1022— 10n-4- 5)/n*. (3.19) 
Bim (51) = —(nt—5n3--10n?— 10n-- 5)/n*, 
Bony (42) = (n3—4n2-- 7n 5, Bq,(412)— (n3— 4n?-4- 6n — 5)/n5, 
Boy (32) = —(2n2—6n-+5)/n8, Bí,(321) = — (n?—4n-4-5)[n*, 


Bony (319) = —(n?—3n-L-5)/n*, Bon)(23) = (8n—5)/n*. 
Be (2212) = (2n—5)/n*, Bey (212) = (2—5)/n®, Boy (18) = —5In* ; 
and so on. 
It may be noted that while эл is an unbiased estimator of ji, and k, of K, 


m, is not an unbiased estimator of jj. This accounts for the complexity of the Bim 
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coefficients. For if we define a series of statistics I, for which Bl, = |, we have, 
from (2.1), 


V " Уд... аі 1 ( TU She ox 
Кыл Жж (uM Jens аг Е =: T-l(y—1 AA... i 29 
beo pk} tat PIS pos) n 1D) ss E s. (9:90) 


5 
= E ( ) By (a ... a, Ya, 1 „>= а; 
aj 


(apr Md... a 


where 


Bo(r—a+1 1% (-) e (* = 1, ..., r—1), 


Balt) = (r—1)( — ym, 


(2.21) 
while all B% for partitions containing more than one non-unit part vanish. For 
reference we note the following expressions for the statistics in terms of the sums of 
powers, s, = Xa: 
= [ns.—s?]/n(2) = ^ 
Ip Ine -In mc “= (2.22) 
l3 = [n?s,— 3n555, +283] /n(? — 3 
3 281 1]/ (n—1)(n—3) Mg, ze (2:28) 
= 2 
lı = [n(n 2n-+3)s4—4(n?—2n+-3)s48,—3(2n—3)38-+ 6n, за һо 
= nt—2n--3)m,—3(2 2 
(n—1)(n—2)(n—3) та — ( n, 3) me], (2.24) 
=i [nna 
l; = [n*(n3 In 10) Sn(n—5n-F10)s,s,— I0n(n— 25,5, 10(n— 4n-|-8)s,s? 
7 30(n— 2)55s, — 10 8281-4571 / t 
п? 
= 2 
n= * — 9n-10)ym,— 1001 —2)m,m,], (2.26) 


16 = [n(n4—9n3-+-31n2— 39n-+-40)s_—6(n4§—9n3-131n2—39n-+ 4008581 


—15(n3—8n?-+ 29n—40)s 489+ 15(n3— 8n?-+-23n— 10)s 4s? —40( 
+ 60(n?—4n-+5)s558, — 20(n2— 6n.-L- 15)5,5] -- 15(3n — 10) 
＋15 8281 — 580/206) 


т? 6n-4-10)s2 
8j—45(2n — 10)s2s? 


m 7, 
DH ау) Il 919-4 -3102—39n-L40)m, 


—15(n3— 8n?--29n —40)m4m» —40(n?— 6-1 0)m5--15n( 


3n—10)mf]. ... (2.26) 


1 However it ought to be mentioned that St. Georgescu's (1933) n 
. 2) methods seem t; 0 
m’s as ordinarily defined. ау 
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In general, if we are dealing with an arbitrary set of z-statisties, 2, being a 
homogeneous polynomial symmetric function of the ws of degree 7, then we shall 
denote the coefficient of 


Q4 . а; 


in the expansion of 2, by B (ау... da). 


Now for any such set of z-statisties there are three problems which can be 
solved by an extension of Fisher's combinatorial method : 

(i) The expression of (ordinary or mixed) moments of the z, in terms of 
population moments. We call this the wzw problem (with z = k, m’, m, L ..., as 
appropriate). The moments of the z, are to be taken about zero; so are the population 
moments, But if the particular set of z-statistics considered are seminvariant! and 21 
is not involved, we may take the origin at the mean and so express the sampling 
moments in terms of moments about the mean. 

(ii) The expression of (ordinary or mixed) moments of the z, in terms of cumu- 
lants. This is the /// problem. 

(iii) The expression of (ordinary or mixed) cumulants of the z, in terms of 
cumulants. This is the кек problem. 

The most concise results are those of the type Kek, but our proof proceeds 
through the stages wzw’ and zk. Occasionally one of these latter problems is of 
interest in itself. For example, in determining the constants of the distribution of 
gı = 1118/2 in sampling from a normal population, it is known that Bgy = Erz / Lea, 
whereas no such simple relation holds among the cumulants. 

We shall use the notations Meret e) or uera... Tn) for the (pi; ..., Pz)-th 
moment about the origin of 2,, -> 2,5 and c U TER) for their (pi. ..., pg)-th 
cumulant. The number w = X pir; (or Xr, in the extended notation) is called the 
order of the moment or cumulant. 

We shall now state the rules applicable to the three problems. For the 
convenience of readers of Kendall's book (1947), the numbering and statements of 
these will be as far as possible in accordance with his, but since some of the rules 
do not apply to all these problems, at any rate without modification, we shall 
indicate before each statement, in parenthesis, its range of validity. 

Rule 1: (кек, WK, jz’). A moment or cumulant of z-statisties of order 
w consists of the sum of terms each of which is a multiple of a product of parent 


moments or cumulants of order w. 


1 In Kendall's sense; see section l. Since 21 is a homogeneous polynomial symmetric function 


of degree one, it is a multiple of the sample mean, and cannot possibly be seminvariant (unless it is identi- 
2 > 


cally zero). When, therefore, 
ks, ms and Us are seminvariant statistics. 


we say that the er are seminvariant, we always implicitly exclude 21. The 
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Rule 2: (кек). If the z-statistics are seminvariant, no term in Keay (I 7 
contains кү except & %) itself. 


Rule 2a: (zk). If the z-statistics are seminvariant, no term in ДТЧ «+» Tp) 
contains Kı, provided that 21 is not involved in the formula. 


Rule 2b: (i). Strictly speaking there is no corresponding rule in this 
case, but, as remarked above, if z, is not involved we may take the origin at the popu- 
lation mean, so that иу = 0, p; = џ,. 


To find the coefficient of к ye in Ki ... 7). we consider all different 


bipartitions or arrays 


[ 9 (9:28) 


fifa Tg | W 


the body of the array being filled up by numbers in such а m. 


anner that the correct 
column and row totals result. 


The column and row totals are to be written in a fixed 


order. The same procedure is followed in the Шак and ie, problems. 


Rule 3: (kzk). Every 
fall into two or more blocks, ea. 
ignored, 


array in which the numbers in the body of the array 
ch confined to Separate rows and columns, is to be 


Rule 3a: (zk). These dissectable arrays are not to be neglected. But 
use can be made of the fact that the K-type pattern function of such an 
Rules 4 and 6) is equal to the product of the к 
blocks (by Lemma 6.1). 


array (see 
-type pattern functions of the separate 


Rule ЗЬ: (игш). The dissectable arra 


уз are not to be neglected; neither 
is the above product rule true. 


Rule 4: (kzk, wk, MW). Subject to any ignoration of terms enjoined 
by Rule 3, to the coefficient of Ktı ... Kr, in K(r,... rj) there will be & contribution 
corresponding to each way of completing the array (2.28). Such of these as do not 
vanish are composed of a numerical coefficient multiplied by a function of n called the 
paltern function. Similar remarks apply in the y’zk and //, problems. 


Rule 5: (kak, Il ale, pzu’). The numerical coefficient is the number of ways 
in which the column totals, considered as composed of distinct individuals, can be 
allocated to form the array concerned, divided by 7,!... Tp! 


ql (71, Tp it will be 
remembered, are the sizes of the groups of equal £s.) For example the array 


A ЛОВ 
D^ 25 
* д. МҮЛ д, 
4 4 2 10 
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has numerical coefficient 


92 7 i 

(24) (81) (12) l 59 — 800 
With it we may consider the 3 other arrays obtainable from it by interchanging the . 
first two columns and the last two rows," making a total coefficient of 192. 

Rule 6: (кек, zk). The function of n, called the K-type pattern function, 
depends, when A-statisties are under consideration, only on the pattern of non-zero . 
elements in thé array, not on their actual magnitudes. This is no longer true for 
general z-statisties, but we shall nevertheless retain the old name. The function is- 
given by considering the separations of the rows into distinct groups or separates. 
For example a three-rowed array like (2.29) possesses five separations : one in which - 
all three rows comprise one group or separate, three in which there is one separate 
of two rows and one of one row, and the complete separation in which there are three 
separates of one row each. The specifications of these separations, that is to say 
the arrays obtained by adding together element-by-element the rows of each separate, 


are respectively 


2 5 1)6 

3 4 118 $ 3 2/8 2.3 l[6 ШЫ 

& 4 Add 1 6 2 2 Y ddd 1 521392 
2 | ed | (2.31) 

za hoes Aho 4-4 ааа 


(i) If the specification of a particular separation has y rows, we associate 
with it the factor »™. 

(ii) We associate with a column (0, ... bg) the factor Balbi ... бв) defined 
by (2.27). 

(iii) This is done for each column. 

(iv) The factors given by (i), (ii) and (iii) are multiplied together for each 
separation and the results added to give the pattern function. Thus in our example 
the pattern function (for k-statisties) is 

2 


(2.32) 


3 2 3 

1 (on) 1 (2) 2! = 1 

2 эл?) oben SI m „ж C) cuan] eat == د‎ 
n( =| келү zs ne 4 ne a (вт) 
Rule Ga: (“!). The function of n, called the p'-type pattern function, 

is evaluated in the same way as the k-type pattern function, except that only the 
complete separation (the original array) is considered. Thus if the array has т rows 
and a typical column is (ау... da) then the type pattern function is obtained by 


multiplying тб) by a factor Bie «+» de) for each column. In our example this gives 
8 o 


2 
of ped] 2 
ET х eor 
nm qo | qo» п#(ъ— 1)? (88) 


E PV. v i is short-cut that all the new arrays roduced are 
1 Caro must be observed when using this w ys p 


netually differont. 


9 — * 
| Rureav Edni, 


PM OG 
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Rule 7: (kkk, u'kk). Any array containing a row which consists of a single 
non-zero entry, not forming a block by itself, has vanishing pattern function and 
can be neglected. 


This rule is not true for the Ерш" problem or for general z-statistics. 


Rule 8: (kzk, ш/к, zp’). Any array containing a column which consists 
of a single entry 7, not forming a block by itself, has a pattern function Bar) 
that of the array obtained by omitting that column. 
Br) = n+, but not for the ms). 


times 
(For k-, m^ and L-statistics, 


Rule 9: (kkk, wk). Any array, the non-zero elements of which consist 
of two groups, unconnected except by preci 
function and can be neglected. 

Like Rule 7, which is a 
problem, or for general z-statistics. 


sely one column, has vanishing pattern 


particular case, this rule is not true for the uk 


Rule 10: (кек). The expression for any k(r, 


(For z, — k, or mi, Ball) = m7.) 


Rule 10а: (M'zk). As above, but in 


addition we must add on 774% I) к 
times the original expression. 


(For 21 = k, or mi, nBQ(1) кү = K.) 
For example, from 


Kay(2?) = * 2d | e (2.34) 

we derive 
UI = С anii and r. 0 = Ke W010 Jal „ (2.35) 
and from 740422) = TED K (2.36) 
we derive Hay (221) = т-ка. ab Bebe KB. (2.37) 


There is no corresponding rule for the 
Rules 1, 3, 3a, 3b, 4, 5, 
others are merely auxiliary, an 


аи" problem. 
6, 6a are the fundamenta] ones of the process; the 
d enable short-cuts to be made. 

Finally we remark that the ab 
account might at first sight suggest. 
wish to consider the system z, = mi,z, = Ме > 2). 
We could even evaluate such expressions as the cov 
arose. (The difficulty that there are two z-st 
notational one.) 


ove rules are rather more 


general than the above 
Thus, because L vanish 


es identically we might 
This is covered by the rules, 


ariance of k, and Ji, if the need 


atistics of the same order is a purely 
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ON MOMENTS AND CUMULANTS OF SYSTEMS OF STATISTICS 
3. MULTIVARIATE EXTENSION 


Suppose now that each individual of our infinite population has p measure- 
ments made on it, denoted by z!, ., 4 and denote the sample of size n by 
(wt, , 22) (y =1, .., m) The (т, ..., т) population moment about the 
origin is jt, ... „ее Ei) ri , (he, and the corresponding cumulants are defined 
by formal relation 


r T. T Т, 
01...02 ГГА 62.902 
: р х етра р 
leat log >, тре Уго ао na, 18-1) 
Thus 
(n +. #5) Г n 
کو‎ Ne-) | ME Maa 
2 бм» (йз... 1) esposa): d „ЖЫ sA 2А 
(3.2) 
where 
| (ry 70 ] 14 ral . ту! 
а а а а 
FFF (ayy! . . ал!) cl . (аза! ... аа!) 4g 4! 
(3.3) 


is a “reduced multinomial coefficient" and X denotes the sum over all partitions 
(аур) 


((ауу... ал)" aA apa) 4) of the multipartite number (r; .. ), with La; a; = 7; 
(i= l, , p) Da = &. 
The corresponding k-statistic, defined to have expectation S , is 


( (ri 4 770 ) 
k = — .- — 1)! a a|” 
татр 3 E , (411 а) 1... (414 +++ аа) E 


(a)p(7) 


a VETE ES 19 44 P 20 pA 
У(а1 »- æt) 1 „ (BE as at) PR (aa ы ane aN nee (аа 1 8а) 


х "cO 


Or, in extended notation, 


seh) 
z : ) duden . . Opt) - (Aya . da)) X 


(aper) (an + а) em s ++ ya) 


х 2 (etus. (rani. (ra) di. , (вает, . (3.5) 
_)(a—1)! 
where Bue) = S > (3.6) 
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as in the univariate case. In each of (3.4) and (3.5) the expression in large round 

brackets denotes an ordinary multinomial coefficient ((3.3) without the factors 

@!...%,! in the denominator) and X denotes “symmetric function” summation, 
д! ро! à: : 

extending to all different terms, as in equations (2.6) and (2.9). 


Other sets of statistics than the 's may be defined, as in section 2. This 
will be considered in more detail later in the section. For a general set of z-statistics 
the quantity Be) (...) is defined as the coefficient of 


( 8 ) eir tetro tpe tty 2. (ал) 
(611 41). (dla. . a) 


in 2r,..rp We shall write P ey ris . 1) bi . (IE. - Ti“) or по 71). Оо) 
for the (р;,..., Dg)-th moment of ri rh sess Fng.ryg and similarly for their 
(p,; ...; Dg)-th cumulant. The two forms correspond to the condensed and extended 
notations for the partition, (tay +++ e moe (rir . . 70 R) = (бу зз; a 7 %)). 
of the multipartite number (bi w,) which represents the order (in th 


e p variates) 
of the moment or cumulant. 


The rules for the multivariate case may be stated as follows, 


Rule 1: (как, ак, fi“ . A moment or cumul 
(w, :.. w) consists of the sum of terms each of w 
or cumulants of order (thy. Wy). 


Rule 2: (кек ). 


ant of z-statistics of order 
hich is a product of parent moments 


Tf the z-statistics are seminvariant, no term 
+ (©... Tpp)) contains Kioo except K ... 0) 
first-order cumulants) 


Rule 2a : (zk). If the z-statistics ате seminy 
(о ... e)) contains 10. * provided that Zio 
(and similarly for the other fi 


in 4 Ty) 
) itself (and similarly for the other 


"2, B i p * " 
ariant, no term in р 60% 771 


о is not involved in the formula, 
rst order cumulants), 


To find the coefficient of Кү oes 


i r , Er in Ке (а... 7, 
we consider all different arrays 


gà)! sss (ry, ee 70). 


(51 e tn) 
UM RE pr) 


(ria ea Tan) ee lt top) fs ... w) «a (3.8) 


the body of the array being filled in by p-partite numbers in such 
column and row totals result for each of the p parts. 
are to be written in a fixed order. The s 
Wz" problems. 


а way that correct 
The column and row totals 
ame procedure is followed in the zk and 


Rule 3: (Arrays to be neglected, ete.) As in the univariate case, 
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Rule 4: (Form of coefficient : numerical coefficient and pattern function). 
As in the univariate case, with trivial modifications. 
Rule 5: As in the univariate case. 


the array 


(Numerical coefficient). For example, 


(20) (12) (10) (42) 
(01) (01) (02) (3.9) 
(01) (10) (1) 
(22) (13) (20) | (55) 
has numerical coefficient 
Ys) Др; (3.10) 


2\/2\/1\/3 
(3) (12) (1) (21 
This array may be compared with (2.29) : if the two parts of each bipartite number 


But, since the row totals (02) and (11) are not now 


are added we recover (2.29). 
Likewise there are no 


regarded as equal, we do not divide by 2! as we did in (2.30). 

further arrays to be considered at the same time as (3.9). 
Rule 6: (Pattern functions). As in the univariate case, with trivial modi- 

fications. Thus the x-type pattern function (for k-statistics) of (3.9) is the same as 


that of (2.29), namely 1/(n —1)?. 


Rule 7: (Row with single non-zero element). 
Rule 8: (Column with single non-zero element). 
Rule 9: (Two groups joined by a single column). These rules are the same 


as in the univariate case. 
Rule 10: (кек). The expression for any & --- 751). C10 +++ Tpp)) Which 
involves a unit part (10... 0) may be obtained from that without the part by 


(i) increasing the appropriate suffix of one of the k’s by unity in every possible way, 


and (ii) multiplying through by Bi((10 ... 0)). A similar rule holds for adding any 


other unit part. 


Rule 10a: (zk). Ав above, but in addition we must add on 
nB ((10 ... O)) күр... times the original expression. 
For example, from 
Кз у 2KooK 1 
к()((20)(11)) = ЕТЕ" (3.11) 
куу 2(KsoK nF 20K 21) 5 
we derire Kg (201110) = 2 s D) (3.12) 
Каз 2(Ko Kai + Кзоказ) 3.13 
and ci) E H= Л) 3 (3.13) 
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1 
and from 0 aX(Q0)y11)) = Sapat 2011 um 
, Kaa Како n+l (Ке -L- I, Ke ашан! KK 
ve End A qy(20)(11)(01)) = E: p n(n—1) 21 11717 KagK 15 n —] 2011401 
(3.15) 


It is of particular interest to consider the results we obtain when the number 
of potentially distinct variates involved in a formula is equal to its total order, 
W=U,+...-+-w,. Each variate is then involved linearly in the formul 
we shall call this the multilinear case, 
in all our work on the multilinear c. 
distinct for enumerative 


a, so for brevity 
By potentially distinct variates we mean that 
ase we shall assume that the variates wî, a2, 
purposes; but this will not Stop us from 
them to give univariate or less general multivariate results at a later stage. Asa 
simple illustration, if we have two variates ж and y, then the monomial symmetric 
function Улуу, contains ^(n—1) terms. If we now consider the particular 

when 2 = y, Улуу becomes 222%; for Xv, only has in(n—1) terms, but xy, 


refers still to two potentially (though not actually) distinct variates and stil] 
connotes a sum of "(n—1) terms. 


.. are 
equating some of 


case 


Kaplan's “tensor” notation is useful in the multiline 
ап unlimited (or sufficiently large) set of variates l, x2 
The tensor notation for moments is exemplified by 


аг case. We consider 
ide Sil potentially distinct, 


WI Hi 


fora (multilinear) fourth moment, 
notation, 1123 


(3.16) 
For example 4011 is qt (or 7 


400...) in the ‘power’ 
Similar notation is used 


is A211, and so on. 


for the cumulants, so 
that it can be seen that (3.1) becomes 

ki fj; il, 0, 0,0, 

TT Fg = log | 14 TT Pu am 


Where use is made of the summ 


ation convention for 
(e.g. 9010, = Xy cu. 


repeated upper 
Particular cases of (3.2) 


and lower indices 


are 
E (3.18) 
КЎ = WIV! iy (8.19) 
кб = p'itiy (Up iyi + pwi э) ШУ? (3.20) 
m^ + oy: 4 ma 3 fr 6 
IU — qr] Xy || y Ji N АТТА (3.91) 
where for example, 
3 
X шд = WOKE Wy HL lily i (3.22) 
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۴ 
the sum being over all | ] — 3 distinet terms. In general (3.2) becomes 
kid = X A (g—1) € gs... jn en xs (3:23 
/ Г (8.23) 
(a)pr 


the first sum being over all partitions (41. . 4%) of the ordinary number r, and the 
second over all distinct terms obtained by permuting the indices i, ..., i. The 
companion equation giving moments in terms of cumulants is simply 


Ad ir = Sy Xp oue], Ke xoc (3 od 
(a) pr 
Equations (3.4) and (3.5) become 
DD wt аы... amem .., r 
[йе = > (—)*-1 (0—1)! : — 
a 
(a)pr 2 


= EX Ву (al.) L Dak ... as a ae. *. (3.25) 
(a)pr 
)e-(a—1)! 0 
where Ba a ا‎ A. . (3.26) 


The third summation in (3.25) is over all different terms! obtained by replacing the 
suffices I, .., & by any other set of « different numbers between 1 and n, while the 
second is over all terms, obtained by permuting i, e i, which are distinct (after 
the third summation has been carried out). For example, 


pip d Ad ET J ФР, 1 ul 1 
b Е86. 1 1 l — ALS > aiu ot oi Ay > ey ol ak eh 


n 
2 ес 3! 
+ = У > ai af of ah э) > i g а M. (3.27) 


It is of great importance to notice that if appropriate variates are equated in 
equations (3.17) to (3.24) we recover the univariate results (2.2) to (2. 2.5) and the multi- 
variate results (3.1) and (3.2). Since k-statistics are unbiased estimators of the 
corresponding k’s, it follows that (3.25) includes (2.9) and (3.5) in a similar way. It 
follows that, as far as k-statistics are concerned, any formula established in the 


multilinear case remains true when some or all of the variates are equated. Since 
many of the results are far easier to prove rigorously in the multilinear case, this is a 


great convenience. But in order to ensure that this holds for any arbitrary set of 


М i D r mM 
iThere aro now just „(® such terms, since z 1,..., 97 are potentially distinct. 
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z-statistics, it is necessary to define the multilinear z’s in an appropriate fashion. 
If, as usual, z, is given by 


Е 
а oo 
2, = Y ) Bey (ау... dg) X af... ufo, «c (8.98) 
(a)pr 04 ... Ag 
then it is an unbiased estimator of 
т А : 
TE | ] M Bo (ar . de) Hay e. Hye e (339) 
(apr L G1 da 


Any reasonable multilinear extension of (3.29) must be symmetrical in the > variates, 
and with this proviso the only possible generalization is 


Que = X ROB (a1 . d) Z p 1772, .... Mira ash (3.80) 
a) pr 


interpreted like (3.23). On equating æi, ..., air we regain ( 
the variates in groups we would obtain the less gener. 
Finally the unbiased estimator of (3.30) is 


3.29), and by equating 
al multivariate ¢-parameters. 


сч, NAE 4 i 
gu n ES Bey (а... da) X Yay... ад... дуан 
‘a)pr 


interpreted like (3.25). This reduces to (3.2 
once multilinear results using this definition of the z's have been proved, they can 
be particularized to give univariate, bivariatel, ., results, It may be noted that tho 


definition (3.31) is completely natural as far as the special statistics wo have consi- 
dered are concerned; thus it gives rise to the multilinear statistics 


27, e. (3.31) 


8) on equating all the variates, so that 


mir »- Xa "E aL (3.32) 

and nii es et (а — m”) 228 (-m) . (3.33) 
while БЇ” and [ТЕ e unbiased estimates of к”? and of 

yt un Is yh) y (epi), "T 


The Boy), Bony and By are given in section 2, while the /s are 


given in terms 
of sums of products by equations (2.21) to ( 


2.26) on replacing 


» git т-а”, 
diy oen Sa, e ы „шынга, - (3.85) 
бф 


1The bivariate and higher results will, of course, be for z-statisties which are symmetrically defined 
in the sense that the coefficients DB are unaffected by a permutation of variates applied to e ia 
equation. In the contrary сазе (which is most unlikely to occur in Practice) the coefficient Bee in (3 30) 
and (3.31) would have to be made to depend on all the indices йз... ays ma dada . r, and not {йы 
OD (q.s, Cas 
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where, for example, 80 = Xaiajatz!. Thus (2.24) becomes 


199 — [n(n3—2n--3)8U" —(n?—2n +3) X stts —(2n—3) X ss 
+ m Ў 89858! —3sisishs!] men 


3 
l а, [(n23—2n--3)m9"—(2n —3) X тт]. —... (3.36) 


4. PROOF OF THE FUNDAMENTAL RULES FOR THE 7 PROBLEM 


Rule 1 (for all the problems) follows from elementary considerations, and a 
formal proof will be omitted. 
Consider the product 2,2, corresponding to the partition (7, ... 7,) of the 
p 


number w = Xr; Each of the factors may be expressed in the form given by (2.27), 


" 
2 = bs ( ү? гй) Ж Bowe Ч ; o. (Mu) 
а... Ag i 


(apr h 


or 


the notation [ ], being a helpful abbreviation indicating that the letters r, а and а 
Ah o 8 
should really possess an extra suffix / to show which 7 is being partitioned. Dia- 
grammatically we may represent 2, . 2, by the partition (7, ... 7) written hori- 
1 7 


zontally, and each of the 7’s yields sub-partitions (written vertically) corresponding 


: to the terms of (4.1). 


For example, 


SE zi) o Уа? Vax, 2 È tt D а8 (S ice) — (42) 


D n*(n—1) n*(n—1) n*(n—1) 


and (22) can be split up in like manner into 


2 1 1 2 dui 
2 2 1 1 TNT sl (4.3) 
2 2 2 2 2 2 2 2 


The next step is to replace the products of monomial symmetric functions 


by single monomial functions. Thus 


TER m 
ха? E at, = Eajnd E Dag = X ауаз Ў ай, ... (4. 4b, 46) 
(4.44) 


У 29 ле SN ova 
(E ryt)? = Х 21081-2 X vars +6 X 050324. 
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These correspond to the bipartitions, or arrays, 


2 2 2.9 
22 4 2 2 2 2 (4.5) 
. 2 
22 4 2 2 n 22314 
Е. غا ا‎ 
(E af X жїл) 
2 2 
218 lj 
11 a (4.5b) 
| 
2 2 4 224 
(X тїт») X Ж), 
2 2 
12) 1 1 
1 [1 1 1 (4.5c) 
|_ me 8 
224 22 4 
X ade, (X жїл») 
EUM Тү т 1 jl 1 1 
ТЫ ЛАШ m pw тр 1 i Li 1 1 0 
Та TT i TS AM LT: f 11 1 p ый 1 {| 
11 2 ЖЛ S wy li DTI: f ' 1 1 1 ., (45d) 
224 224 22] 224 224 22h 22 22 |4 "PI^ 
———V — NIIT —— os: ن پە‎ 
(22328) Qa Tras) 


where the partition corresponding to the fina] Symmetric function is written 
of totals, in a fixed order, and the coefficient of this function in (4.4) 


‘he columns to yield the fin 
is perfectly general : the coefficient of Xia 


as à column 
is simply the 
al partition, This 
= ©? in (Sah |. EN (Tat a 
equal to the number of arrays in which the p columns, which ar 
are permutations of (ау... dy liaa (a, ... а, / respectivel; ; and t 
written in a fixed order. The truth of this rule can easi siders the 
correspondence between the algebraic process of evaluati 

symmetric functions, and the process of writing down arrays subject to these 
tions.! Although a formal proof may be constructed it is not very illumin 


„а, 
“ wie), ds 


condi- 
ating. 


1 Tf the reader will evaluate few products like > Cita, У vis. (= x lates 1.9 8 
+2 E e x 21132243 x vixivys,-d-6 X viviviz, +6 Hrn g) he will prop; 
using just this sort of diagram, but with rows and columns interchanged, But he 
convention established by Fisher. 


VIT. 
ably find himself 
Te we stick to the 
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Collecting together the terms given by (4.2) and (4.4) we have 


2_ 1 : 2,2 2 : 2 
18 E (1 X 21-2 У 22205) — wnat) (2 E af ta+2 X augus) (4.60 
+— £ (1 E ada$4-2 X fuat +6 У bg i) 


n?(n—1)? 


il Bie xm Safest (2541 MEN) E ah 


n? n*(n—1) k n? ^^ n*n—1p 
—2 4 4 
2 . ) Уайта 6 — — gba, 
H n*(n—1) i n*(n—1) rg n?(n—1)? , 


the seven detailed terms in (4.6) corresponding to the typical arrays 


1 
о 12 LI UN 
21 |8 2 Biig dp Hy e 
224 1 1 22112 їп. ти, 1T (4.7) 
224 324 224 224 224 22 22 
1 2 2 1 2 2 6 


and the italie figures denoting the number of arrays having the same column and 


row totals, and the same columns apart from permutations within and between 


columns. (The permutations between columns arise through the combination of terms 
like Xv? Saya, and Удаа, that is to say of arrays like (4.50) and (4.5с) i.e. (450)). 


The general result is, using (4.1). 
2, (Er, = w= Xt) 
т) and 


Theorem 4.1: The coefficient of X adi... att in ar, . 
is the sum, over all the different bipartitions, (a), of the two partitions (ry 


(ty ...t,). of the quantities 


i [( ” MU — (48) 
ħ=1 а . . Up à 


Since 1 
(т) 
ip n ШИ um 4.9) 
" Ey Р a. EIL d equum, en 10406 
Е У (а... r) - . (r- ri т ттр а ty 
or, in extended notation, 
"RAE LIOS (4.10) 
x „мес ey ME ee . 
Е Жа, TUM ES UT 3 ч 
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we have the following theorem. 
Theorem 4.2: The coefficient of Ui, те ls, in ey (ту... 7,) ds the sum, over all 


the different bipartitions, (a), of the two partiions (тү... 7) and (у... t), of the quantities 


z T ano) 
I ) Be (re Ba 11 SI- “== AUS) 
A а]... Ug R ен 


у 
= ~——]] xn) П Bey (ау... а), 
Tal see TRU ai . 4 А ! 


= (numerical coefficient) (x-type pattern function). 


This theorem completes our proof of the fundamental rules for the univ 


ariate 
case of the j/zp' problem. 


Continuing with our example, (4.6) gives 


; 2 К 1 4 1) „ 
pa) = 1 2, n+? — n(n all (2 zH ) n(n—1) 3 


n*(n—1) 1 n(n—19] 2 и 
(4.12) 
—9 4 n(n—l)(n—23) , - 
p n?(n—1) тр) (og ~ R 


4 nln—1)n—2)(n—3) „ 
n*(n—1) 21 Ct 


1 84 12—98, 2(n—2)(n—3 
FFP 3) aguy (A- 2-3) ., 
e m ; n(n—1) Pa m(n—1) ^2 ату In^. 


If we take //4 = 0, this reduces to 


7 1 т2— 25 ＋3 
/ay(22) = u + 2 
W 0022) z 44 n(n—1) Itg. — (4.13) 


The proof of the fundamental rule: 
lines. The multilinear case is particular 
We shall follow Kaplan in replacing multipartite number 
and units by numbers giving the positions of the units, 
((1010)(0001)) of (1011) will be spoken of аз the partition [1 
tions corresponding to the typical terms on the right-han 
are [ijkl], [232,1], [ij, kl}. ij. ke, 1], 7.3. , IJ. Now when multi 
symmetric functions X 211 .. gta aw 
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ones. Thus, to evaluate the product X aj aj X а? aj we write down (in index notation) 


the bipartitions 


е 3): 80 
ij kh ijk ij lil ko k 
1|1 1 4 1 1 (4.14) 
ij kk ij klijkl ij kk 
which summarize the result 
Ж riri D etal = Vaiviatelt E айа{айаз-- E айла. Be, (E15) 


We notice that in the multilinear ease there is always a unique bipartition 
corresponding to given column and row "totals". Moreover the multinomial co- 
efficients present in (3.28) are absent in (3.31), and (4.10) is replaced by 


À j у Е 
E D at. alti . ado 


= n piedi, Кы ident de .. (4.16) 


Thus all the numerical coefficients are unity, and Theorem 4.2 for the multilinear 


case becomes as follows. 
5 Juss Лю 41 Jw. > x 
Theorem 4.3: The coefficient of ш"... p 7 N a [by «erri ees 
D prm 8 & а . . . " 
CM E (jy +++ Jw) a permutation of (à ...4,)) is given 


ә " aye 
офа =e ty] = Bz 1 


in terms of the unique hi partition of the two partitions Lin ... dope. iwr sas Bl 
[51 oi io е teta Ju] OY the p-type pattern function 
(4.17) 


ni) П Ben (ау... аа)» 
11 


where of course (ау... aa) still denotes the number of indices in the entries of the h-th 


column. 
For example, let us find д^ [5j V. Typical bipartitions (compare (4.7)) 


are ; ; 
ij Ir 9" |? i 

ij kk 11 1 kl) kl j 

| (4.18) 


5 муч ә ЫЫ у шун ü 
1 


(© айт) (Хайа) (2 айаўаўа) 


a 


AN. 
ij Ü i kik j |j 
p ok j | kd 
i| 1 i| 7 1\1 
рын 8 Мн iü ЫЫ 
(E ada) О) (X айа 
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Thus (3.25) yields 


i DT : Bod 

Ez Tari) үу v _ Saket 

21 5 

psc (sl аы) qms mobi 
n“ 


Pe 1 a 1.1% 7 
ES Zur... Tuum iir р. 
n2 т2(п—1) 
; 1 tied ad inal aed ak 
tye Хаа ay Tg (кар карара — 
п? n*(n--1)? 
1 z 15, 1 S ib nl 
= SLT) 2 X жїл, na i 2 2 virqréxi -L 
n*(n — n — 1)? 
а e 4.19) 
TOE те Ig. . (4.19 
n*(n — 


Thus, as given by "Theorem 4.3, 


2 : tijk „/ а! lij jk 
I alij, kt] =F yin = = E eth y p рй шы . 


n—2 2 


1 л vri ФӘ. Жл м, ж Qa 
А nmm (p^ pp fit a PA a, uta 


3 n—2 T UL Hm (n—2)(n—3) ee | 
—— D %. i 1 ie un 9 
чы CST ee lt da Mami U RIRE . (4.20) 


On putting = J= k = l this reduces to (4.12), and on writing i = j = k= 1,1 = 2, to 
, ROME 32 — 9n. Le 
1“ a(20)11)) = wn n (изо Hort 3/5, рдо) 4- 22-3 


n(n—i) H2 [t3 — | 


пал) Hor. . (4,91) 
АП the proofs given in lat 


“numerical coefficients”? will all be unity. The numeric i 
and less general multivariate Cases arise through the co terms when we 
equate some or all of the variates. Since the evaluati 

Product in a moment or cumulant of z-st 
down the arrays which have 
moment or cumulant and ag their row totals that 
duct, the number of coalescing terms will be 
(Mali, Wak, кек). Thus it will be sufficient to eval 
once and for all. This we have already done {ог ariate cas 
dicated earlier, there 18 no essential di ending the work to 
ate (but not multilinear) case, 


er sections will be for 


W- or 
each case, on writing 
lon 

Appropriate to 


the Same in 2 


appropriate to the | 
the w- op K-pro- 
П three problems 
al Coefficients | 
e, and, as in- | 
the multivari- | 


the univ 


ON MOMENTS AND CUMULANTS OF SYSTEMS OF STATISTICS 
5. PROOF OF THE FUNDAMENTAL RULES FOR THE /(zK PROBLEM 
The relevant theorems for the univariate and multilinear cases are as follows. 


Theorem 5.1: The coefficient of Kt, ... Kt, in Muay (ry... Tp) is the sum, over 
all the different bipartitions, (а), of the two partitions (r,...r,) and (t,...t,), of the 
quantities (numerical coefficient) (k-type pattern function), where the numerical 
coefficient is given by (4.11). The k-type pattern function is the sum, over all the 
separations of the rows of the bipau tition (а), of the quantities 


qoo II В) (0, ... Ов), GD 


where (b) is the specification of such a separation, and (q, ... qx) is the specification 
of the corresponding separation of the row totals. 


y А Jij J, exe. 8 
Theorem 5.2: The coefficient of K "75... ee ГА UNA Ер 


ty 1 iy] is given in terms of the unique bipartition of the two partitions 
р 


Li SS E edu] and [ji . Ji wi, 1 Ju] bY the K-type pattern fune- 


т? 
tion defined in Theorem 5.1. (The a’s now refer to the number of indices in the cells 
of the actual partition.) 

There is also the intermediate "multivariate" case, which we shall not 
enunciate explicitly. 

We confine ourselves to proving Theorem 5.2; 
on the lines indieated at the end of section 4. 


Theorem 5.1 will then follow 


bg, „-i . le 


According to Theorem 4.3, the coefficient of yu’ x 357 


ay [53 „ DE кн hy, ... iy] is given by (5.1), where the 4’s refer to the unique 


bipartition of [Û ... ys +++ Vor fl 


in 


„ iy] and [lJ ... ЯЕ To l- LL lol. Now when 


` 1 edu. 4 
phe LA VL D ig expressed in terms of eumulants, we see from (3.24) that 


ш 
5 S 71 — Jost: Te 2 5 
we get the sum of terms like к o. Katt”, where each group of j's is a 


part (or the whole) of one group of Vs. In other words [j1 DE J. . cs Jul 


is a sub-partition of [l ... los ed ... ly]. For example, 


pik ДР — (cl Kia KE i кіёкі- KE KI KE) (icm кік"!) 


= eiie KE. -кїкїкЁкїк". se (5:2) 
" „ 35$ Jut, · s 
But this is only another way of saying that а term in к зый дый E 
71 1 1 nails: s š 
ж rr su in which the J/-groups arise by 


from each term in £ se afb 
amalgamation of the j-groups; or, in other words, the relevant partitions 
l„] ате those which are the specifications of separations 


[m | 
of [А j j jou Jul: For example, the term in кўк" arises from the 
Йй priua 
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* 3 tijk „ D ijkl m 
t rm in yi f, (by (5.2)) and in addition from those in ر‎ y" y, ШӘ" gum 
ү 1 d 1 7 Я e d к 
„Am wl and pU". and from no others. Since each -product has its own coefficient 
is 1), and all the coefficients in the relation (3.24) are unity, the theorem follows. 


As an example, let us consider the coefficient of кі кл in ды [23, kl]. Ti 
(4.20) the only terms giving rise to кё kī are those in A j/^t and nar (corresponding 
to the two specifications, [ik, jl] and [ijkl], of the partition [ik, 3). Thus the dun 
coefficient is 1/n(n—1)+1/n = l[(n—1). If we care to start right from the beginning 
and use Theorem 5.2 in connection with the arrays (4.18), we obtain 


, x EN l 1 ik ( (2) l1 1 l кі кї 
Iq) . kl] = п a aR a n n 4 * 
— Pia} 171 


лане га ) к кй gil gik 
* ( T nO 4G nn ( 1 ) 


ijk gil pilji 
a KR ш) yi REP шш 


P Aem. sa MAS) 
n n—1 ( 


(Terms containing first order к?з are absent by Rule 2.) 


If i =j=k=1 this 
reduces to the univariate result 


Hay (28) = Ka MHI g, 


оти . (5.4) 


/ 


also obtainable directly by using the arrays 


(4.7) and Theorem 5.1. Similarly, 
putting i = k = 1, j = l = 2, we find 
2 
K'o (ALY?) = egt 4 kat, i (5:5) 
n n— 


6. PROOF OF THE FUNDAMENTAL RULES FOR THE KZK PROBLEM 


М "i * + 7 
Theorem 6.1: The coefficient of Ki Kt, in Ko (rn. 


ey). (univariate case) 
m J1 Ўш адш 2 X 
or the coefficient of ^-^ ia Vn, Kin [i.i E 


t 
linear case) is given by Theorem 5.1 or Theorem 

bipartitions which split into two or more complete 
rows and columns, are to be neglected. 


w—rpl +++ % (multi- 
5.2, as the case ma 


y be, except that 
blocks, each confi 


ned to separate 


We make this theorem depend on the followin 


g lemma, which also justi- 
fies Rule 3 (zk) 


Lemma 6.1: The K-lype pattern function of any such 


bipartition is equal to 
the product of the k-type pattern functions of its separate blocks. 
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ON MOMENTS AND CUMULANTS OF SYSTEMS OF STATISTICS 


Again we may confine ourselves to the multilinear case. We remark that in 
order to prove Theorem 6.1 (and hence the rules for the кк problem) it is not suffi- 
cient merely to demonstrate the absence of terms arising from dissectable partitions 
(a proof of the latter was indicated by Kaplan (1952)); it is also necessary to show that 
the remaining terms are the same as for the „e problem, and are given by Theorem 
5.1 or 5.2. . 

First we prove the lemma, and begin by introducing an abbreviation. We 
shall denote the sets of indices i, ... Fs . отр 77 i by Lı, ..., I, and the sets 
ju by Jp ss J. We may now speak of the coefficient of 


‚ 1], and so on. We shall also write X^; ...; Xl» for the 
i 4, tor aa $ Ji J. 
aste of aE DN C * for the sets 


Ja Ju me . 
ki... RIF in Fa [ote 


wy ih: EL qut Ж, a”. By a rearrangement of columns and rows, which 


the pattern function, we may always ensure that the y blocks of a 
ally, as in the Figure; that is to say the Ist block 
d, rows, ..., the y-th block to the last c, 


does not affect 
dissectable partition run diagon: 
is confined to the first c, columns and 


columns and dy rows. 


i үп Te Lp cy +1 2 
Now suppose that the y sets of sanae X щы Ced We as лр 


exl x": .; 9 х”) are statistically independent (so that апу 
— 2 sity. A 3 2 ق‎ 

¢ is independent of any 
„ L. g^ are also independent, so that 


3 variate from another set). Then the 
variate from one se 


I 
products z ГУТ 


a i Ta Iz en 80 н Hmc Tub „ч (6.1) 


and side of (6.1) are expressed in terms of 


s on the right-h i 
dices J must obviously arise from one ordy 


Now when the moment: А 
in 


population cumulants, 4, each group 9 
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of the y groups I, . Icey, ., Ip—c,+1... I, (see Figure 6.1). The same = Е 
left-hand side, this time because the assumed independence et x 7 groups ы у Fs » и 
makes any к” spanning more than one of the y groups vanish. Bw E 
к” may still be chosen arbitrarily, so that we ace entitled to equate coefficients on З 
side of (6.1). Thus the coefficient of kJ: ... KJ? in I els ws 4, 


plis the product of the 


h Ji 
coefficients of `... 


JT d. 1 
Jā; + т—4@у-+ 
k% in Еа. К я 
I,] Since the numerical coefficients are unity (see 
ab 


lemma. 


de. 
Jin [рс 
Theorem 5.2) this proves the 


Let us now consider Theorem 6.1 itself. Equation (3.24), written for mo- 
ments and cumulants of z-statistics, is 


I! (o ih, ee. Ij] = У P Kz) [1,, saes Ia] э» К) n 


1 | s. (6.2) 
(c) pp 


= Ko [Ds ..., Tio TNE [Ul ... T Ko [4] ... Kello], 


where the first sum is over all partitions (су... c) of p and the second over all distinct 
terms obtained by permuting II, ., I, The only term on the right of (6.2) 
ing only a single K) is K Uj, ., I.] itself; the others are products of к?з which 
are individually of lower order. Consequently if by assuming the theorem is true 
for these lower order ks we can prove that it is true for Ki III, ..., I.] itself, we have 
the basis for a proof by induction. For the theorem ig certainly true for Ky HT]. suas 
Ui, since no bipartition corresponding to Kall] can possibly split into two or 
more blocks, while Kc; [I] is the same as Kall], to which Theorem 5.2 


To show that the theorem i I,] if it is true for the к 
of lower order, it is sufficient to Prove, for any partitions Es... 
determining a bipartition which falls into У( 2) 
coefficient of кїз... kJ; in My Us; 


involv- 


applies. 


8 true for Kays... ws 


> T], Са; J.] 
blocks as in the Figure that ilio 


I. is equal to the product of the coefficients 
of C . Jai in Ko [Fs ..., Te], ., kir-ay+1 ig 

it follows, by (6.2), that if the bipartition consists of опе block only, the coefficients 
of kdi... r in P ab, ., I, and Kos, , I.] are equal ; 
Ko) [1,,..., Z,] is given by those terms of Koll 
sectable bipartitions, which is what we requi 
ing the theorem for Ks of lower order, 
table, we only have to show that the coeffic 


7 in кре 44 „ „ lj] For then 


in other words, 
..: T,] which correspond. to nondis- 
re to prove. Finally, 
and individu 
lent of кз... 
to the product of the coefficients of к^: 

. KJ: in ГАР] РА 


since we are assum- 
Al blocks are no longer dissec- 
- kJr in Polises I, is equal 
... KH in Ша, .., I], stig маш: 


—ey +1° 775 To], and this is 80 by virtue of the lemma, 


It is at this point that the ** for the corresponding, untrue, 
tions would break down, For example if ai 
or 4⁰½⁹/ (п — I) Aðihe = wip 
HG iu, when gi 


proof” 


: result for A" -ype pattern func- 
and wi are independent we 1 


. Е eve Ад) ЫЛ] = np [i] 4% t] 
‘J, but we are not thereby entitled to equat, 


e the Coefficients of wins, for 
and «J are independent, 
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ON MOMENTS AND CUMULANTS OF SYSTEMS OF STATISTICS 
7. PROOFS OF THE AUXILIARY RULES 


Theorem 7.1: (Rule 2, multilinear form.) If the z-statistics are seminvariant, 
then except for moments involving first-order z-statistics Et and the single кек result 
cli ki, no p'zk or кек formula involves the first-order population cumulants, id. 


For since the z-statistics concerned (except the 2?) are invariant under a change 
of origin, so are all the moments of z-statistics not involving az’, and all the cumulants 


of z-statisties except the K» [i]. Thus all these results are independent of the values 


of the Ki. 


Rules 7 and 8 (sections 2 and 3) are often enunciated without including the 


clause, “not forming a block by itself." In this form they are untrue. For example, 


the k-type pattern function (for h-statistics) of the pattern of non-zero elements 


хх 
AR (7.1) 
x 


is neither zero, as required by Rule 7, nor 1/2(n— 1), as ор by Rule 8, but 1/(n — 1). 
(This is most easily seen by using the product rule for dissectable arrays, Lemma 
6.1.) Of coure such an array is to be ignored in the kie problem, by Rule 3. We 
shall give a separate proof of Rule 7 (which is a particular case of Rule 9) because 
our proof of Rule 9 involves the use of Rule 7. 

The k-iype pattern function (for k-statistics only) 


Theorem 7.2: (Rule 7). : E 
isting of a single non-zero entry, not forming 


of any bipartition containing d row cons 


a block by itself, vanishes. 
We assume the bipartition is not dissectable. (If it is, use Lemma 6.1 first). 


We may make all the non-zero entries correspond to different single variates. We shall 
then have one row total corresponding to а first-order cumulant, кї, and 11 009 
column total corresponding to à L-statistio of order Er ks 2 : e corres- 
ponding term in the кЁк problem vanishes by Rule 2; but ae E 2 not iv 
Which has to be neglected scootding 10 Bulb 8, е therefore ie 
and the above bipartition is the only one yielding the term co 5 


pattern function vanishes. 
It will be seen that this is а sli 
(1940, 1947), the use of the multilinear ar; 


italicized above. 
f the fundamental Rule 6, and a formal proof 


cht revision of the proof given by Kendall 
rgument ensuring the truth of the statement 


Rule 8 is an easy corollary © 
УШ be omitted. 

Theorem 7.3: (Rule 9). con 
of a bipartition consisting of two Dune, Mn 
vanishes, 


ern function (for k-statistics only) 


x-type patt 
le d except by precisely one column, 


necte: 
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i e Wi est urselves to cases, such as 
In V orem we may restrict o 
proving the th 


EF x x 
d x X 
a" — (7.2) 
X x * * 
X x 


which cannot be dealt with by the simpler Rule 7. Now the pattern function of a ny 
bipartition (which has no row containing only a Single non-zero entry) m 
linearly in terms of the pattern functions of the Buys obt i 
column and amalgamating all, some or none of the rows in which non-zero elements 
were present in the row omitted. For example, the pattern function of the first 
array in (7.2) may be expanded linearly in terms of those of 


ay be expanded 
ained by omitting one 


x 
X x 
X and x (7.8) 
* X x 


obtained by omitting the first column, the coefficients be 
respectively. Fisher and Wishart (1932) first derived t 
sions," and they are also considered by Kendall ( 


ne of these auth 


ing 1/(1 —1) and — 1/n(n—1) 
he formulae for such expan- 
1947) in connection with this same 


ors for further details. In the case 


orem, if we reduce it by successively 
; using Rule 7 whenever possible, the 
Theorem 7.4 : (Rule 10, кек problem, multilinear form) 7 F 

к) Hs. tris I] = s. X C[J,, эз J.] KTH ы kJ; asm (7.4) 

pw 

(where the I, J notation is explained in section 6 
different terms obtained by permuting Ji, 
of KA, ... kir) then 


> the second sun 


mation is over all 
Jp and CIJ, А 


J.] denotes the Coefficient 


Key H5, , 15, = Bo 9 С ү»... J ]x 


le n er. абыл, ей kirh), wes (BY 


It should be pointed out, however, that the derivation of Fisher апа Wishart? 
fail if there are rows containing single entries, This is why we hay 


8 expansions may 
© Specified the use o 
possible, 


f Rule 7 whenever 
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Theorem 7.5 : (Rule 10, w'zk problem, multilinear form). If 


ff р ... (n6) 
()pw 
then Hia I5; a Io, I = BAD) 212: 0 [44 525) 2] X 
(рю A 


X (Eil . kde do... E Ka LL. KIT penes . car . . (ТЛ) 


The proofs are easy corollaries of the fundamental rules, in particular of 
Rule 3 and of Rule 8, and will be omitted. Further details may be found in Kendall 
(1947). His proof is for the univariate case, but I think that some rather tiresome 
details that arise in this case have been glossed over. He states, .. This [the 
rray] multiplies all pattern functions by n7, leaves 
and increases the suffix of every к according to the 


A consideration of the case 


addition of a unit column to an a 
numerical coefficients unchanged 
row in which the unit appears." 


әк? 4 
ay — TENA: Ks Kaka 
к(у(2 ) = LI Kip) (221) EX С ат, m (7.8) 


he whole story. The numerical coefficients do change, 
ys of the same type, and these changes always seem to 
ase supplies by far the simplest 


will show that this is not t 


but so do the numbers of arra; 


compensate one another. As usual, the multilinear c 
proof, for all numerical coefficients are unity, while there is always just one array 


Corresponding to any given - product in the answer. 


I would like to thank Professor M. G. Kendall for his interest. 
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A COMPARISON OF SEROLOGICAL AND SOMATOMETRICAL 
METHODS USED IN DIFFERENTIATING BETWEEN CERTAIN 
EAST AFRICAN RACIAL GROUPS, WITH SPECIAL 
REFERENCE TO D? ANALYSIS 


By D. A. EAST and L. OSCHINSKY 
Statistical Laboratory, University of Cambridge 


SUMMARY. The statistical tochnique known as Mahalanobis's Generalised Distance, or D* 
analysis was applied to anthropometric data from various East African tribes. It was found that a high 
degree of diserimination could be achieved, even botween closoly-related tribes of tho Bantu group, by 
basing the analysis on eight physical characters. Tho resulting estimates of the ‘distance’ separating tho 


various racial groups lent little support to tho finding of previous investigations of a serological nature. 


1. CERTAIN PHYSICAL CHARACTERISTICS OF NEGRO AND 
NEGROID RACES OF AFRICA 


1.1. The problem of the definition of the East African Bantu physical type, 
or Bantomorph, has concerned anthropologists during the past half-century. Selig- 
man (1913, 1939), Johnston (1902) and Leys and Joyce (1913), have advanced the 
opinion that the Baganda and other related Bantomorphic tribes of Uganda and British 
East Africa represent a mixture between a West African racial type (Nigeromorph) 
or a Central African type (Congomorph), and the negroid Bahima and Batutsi (Hami- 
tomorphs) of southern Uganda and Ruanda-Urundi. Table 1 and Table 2 summarise 
certain physical characteristics of negro and negroid races of Africa. 


THE DISTRIBUTION OF NON-METRICAL FEATURES IN SOME 


TABLE 1. 
NEGRO AND NEGROID RACES OF AFRICA 
raco hair texture hair colour eye colour skin colour 
(1) (2) (3) (4) (5) 
Ss 
light brown to dark brown light brown to dark brown 


Hamitomorph curly to frizzly black 


black dark brown dark brown to black 


Nilohamitomorph frizzly 


black light brown to dark brown light brown to black 


Bantomorph frizzly 
Nilotomorph frizzly black dark brown black 
Congomorph frizzly black dark brown light brown to black 


East African light brown to dark brown 


i i Y dark brown 
Mulattomorph curly to frizzly light brown to dar 


black 


black dark brown dark brown to black 


Nigeromorph frizzly 
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TABLE 2. THE DISTRIBUTION OF METRICAL FEATURES IN SOME NEGRO AND 
NEGROID RACES OF 


race (1) (2) (3) 


(4) (5) (6) (7) (S) 
Hamito- tall small long long medium Dolicho- Leptorrhine to thick 
morph cephalic mesorrhine 
Nilohami- tall small long long high Dolicho- Meso- to platyr- thick 
tomorph cephalic rhine 
Banto- modium modium medium medium medium Dolicho- to Platyrrhine thick 
"ph mesoce- 
ni phalie 
Niloto- tall small medium long high Dolicho- to Platyrrhino very thick 
М У to long mesece- 
mopu phalie 
Congo- medium large short short low Mao Platyrrhine thick 
short эгасһу- 
RE HE cephalic 
Hast African variable large short to short to medium Meso- to Mesorrhine medium 
Mulatto- medium medium brachy- 
morph cephalic 
Nigero- medium medium — — high Mesocephalie Platyrrhino thick 
morph 


Key: (1) Stature; (2) Sitting Height relative to Stature; (3) Total Upper Extremity Length relative 
to Sitting Trunk Height ; (4) Total Lower Extremity Length relative to Sitting Trunk Height ; 
(5) Forearm Length relativo to Upper Arm Length (6) Head Breadth relative to Head Length ; 
(7) Nose Breadth relative to Nose Height ; (8) Lip Thickness 


2. RESULTS OF THE ANTHROPOMETRIC SURVEY ОЕ 1950-51 


2.1. During 1950-51, one of the authors, 


L. Oschinsky, carried out an 
anthropometric survey of various tribes in the 


area of East Africa depicted in 


BAZINJA 
WANYAMWEZI 


TANGANYIKA 


e 


Fig. 1. Distribution of the Uganda, Tanganyika, Kenya, Ruanda- 
Urundi and Belgian Congo tribes in tho survey arca. 
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METHODS USED IN DIFFERENTIATING RACIAL GROUPS 


Figure 1, special attention being paid to the Baganda Bantomorphs and Batutsi 
Hamitomorphs (Oschinsky, 1954). Preliminary statistical examination of the data, 
based on t-tests, showed that these two groups differed significantly with regard 
to the majority of the characters measured. 


2.3. ABO blood group and sicklaemia data, compiled by other investigators, 
were considered in connection with the somatometrical and statistical results of the 
survey. The sicklaemia results were found to be generally in agreement with the 
somatometry. The ABO blood group data, however, despite the claims of certain 
proponents of this method of racial differentiation, were not as useful as expected. 
As may be seen from Table 3 the Baganda Bantomorphs have a very similar 
blood group gene distribution to the Batutsi Hamitomorphs, while the Bahutus, 
also a Bantomorphie tribe, have a blood group gene distribution very different from 


the Baganda. 
DISTRIBUTION OF THE PERCENTAGE SICKLAEMIA AND BLOOD GROUP GENES 


VARIOUS BAST AFRICAN RACIAL GROUPS ACCORDING TO LEHMANN AND 
ALLISON et al (1952), AND HIERNAUX (1954) 


TABLE 3. 
OF THE 
RAPER (1949), ELSDON-DEW (1950), 


blood group genes 


racial group tribo sick- 
laomia A B 0 
(1) (2) (3) (4) (5) (6) 
Hamitomorph Bahima 2.4 11.3 7-1 81.3 
Batutsi 1.4 12.6 5.6 81.7 
Bantomorph Baganda 19.0 10.2 6.6 82.9 
Bahutu 
(Uganda) 8.0 
(Ruanda) 5.2 17 13.7 68.7 
(Urundi) 11.8 17 13.7 68.7 
Akikuyu zi 17.7 13.4 68.8 
28.0 14.9 16.3 68.8 
Nilotomorph Luo 
Lango 27.0 16.3 195.0 64.1 
: - 11.5 17.6 71.0 
Nilohamitomorph Masai 
Teso 17.8 13.4 13.0 72.2 
45.0 18.1 13.8 69.1 


Baamba 


Congomorph 


54) found that the Rhesus-factor incidence in both the 


antomorphie Bah 
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2.3. Hiernaux (19 


Hamitomnarphie Batutsi and B utu showed no significant difference. 
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The same author also discovered that the incidence of sick] 


aemia in the Ruanda 
Bahutu was less than half of the metrically very simil 


ar Urundi Bahutu. 


TABLE 4. RHESUS FACTOR INCIDENCE IN 
THE BATUTSI AND BAHUTU TRIBES 


factor Batutsi Bahutu 
(1) (2) (3) 
R.0 63.3 68.0 
R.1 6.9 4.7 
R.2 5.6 5.9 
R 2.2 18 
r 21.7 19.3 
ee S 


2.4. This conflicting serological data would appear to emph 
consistency and definition of the somatometrical appro 
nomy. Although Boyd (1947) has stated that somatometry is invalid because it is 
haphazard in its choice of characters, and that the genetical background of these 
characters is not understood, these morphometric characteristics have been successful- 
ly employed Statistically to differentiate between racial groups and their t 
value cannot be discounted simply because their inherit. 
cular, the statistical technique known а, 
(Mahalanobis, 1936), has proved most useful i 
In order, therefore, to further the investigatio 
various East African racial groups one of the 


method, as applied by Mahalanobis 
(Mahalanobis e£ al, 1949), to 


asise the greater 
ach to problems of racial taxo- 


axonomic 
In parti- 
alised Distance, or De, 
n problems of racial discrimination, 
authors, D, A. East, h. 
and Rao to some Indian ant 
analyse the results of the survey. 


аз employed this 
hropometrie data 


3. De ANALYSIS Op L. Oscurxsky's EAST AFRICAN DATA 


3.1. The measurements on m. 
on which the following analysis was 
preliminary report (Oschinsky, 1954) 
ments taken in nearly 
importance from the a. 


ale adult members of v 
carried out have alre 


. Out of the 18 body a 
all cases, the following l4 were cons 


nthropological viewpoint (abbrevi 


arious Bast African tribes 
ady been the subject of a 


nd head absolute measure- 


idered to be of the greatest 
ations indicated in br 


ackets): 

Body: Stature (St), Sitting Height (SH), Sitting Trunk Height (STH), Total 

Upper Extremity Length (TUL), Total Lower Extremity Length 
(TLL), 


Head: Head Length (HL), Head Breadth (HB), Biz 
Interorbital Breadth (IoB), 
Morphological Face Height 
(LH). 


ygomatie Breadth (BzB), 
Nose Breadth (NB), Head Height (HH), 
(MFH), Nose Height (NH), Lip Height 
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3.2. Unfortunately it was not possible to use all the data compiled in the inves- 
tigation as, for several tribes, an insufficient number of individuals had been measur- 
ed to form adequate samples. In fact, there were only eight tribes with sample size, 
n, greater than 40 for all 14 characters. Although a sample size as small as 40 cannot 
be considered satisfactory--Mahalanobis and Rao recommend that n should be in 
the region of 200—a study of the coefficients of variation from the smaller samples 
showed them to be comparable with those from the larger ones. For the sake of 
uniformity and ease of computation only individuals for whom all 14 measurements 


were present were included. Table 5 shows the tribes, comprising four racial groups, 


and their sample sizes. 
TABLE 5. TRIBES COMPRISING FOUR RACIAL 


GROUPS AND THEIR SAMPLE SIZES 
AAA 


race tribe n 
(1) (2) (3) 
Bantomorphs Baganda 30 yos 
Bahutu 98 
Batoro 57 
Bahiru 44 
Banyoro 43 
Hamitomorphs Batutsi 104 
Mulattomorphs Swahili 104 
Nilotomorphs Luo 64 


total (8 tribes) 815 


ي ا 


4. NORMALITY OF THE SAMPLES 


for normality of sampling, frequency distributions were 
prepared, by tribes, for each character, and the statistics 91 and g, worked out together 
with Жар standard errors. (1: which tests d sample for skewness, and g, which tests 
for kurtosis, should both be zero for the distribution of а sample to he considered 
Both g, and 0з can be tested for вапна аз? with degrees of 

g divided by its standard error gives a value in excess of 
ample concerned is considered to depart from nor- 
(Р < .05). А positive value of g, shows that 
he value of the mean is greater than the 
less than the mean of the sample; while 


tribution is peaked, i.e., that the sample 


4.1, In order to test 


completely normal. 
freedom оо, i.e., if either 
1.96 then the distribution of the s 
mality at the 5% level of significance 
the distribution is asymmetrical in that t 
mode, indicating an excess of measurements 


positive g, indicates that the form of the dis 


an: and vice versa. 
contains an excess of values Very close e the BEE $ "m 
re shown in Table 6a, from which it may be 


Р alues of f, а = 
4 . "Tho Haag weet” и the ratio of 69 positive to 43 


ance of post 
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negative values being highly significantly different from the expected 56 each. "This 
overall tendency towards samples containing an excess of low readings was most mark- 
ed in the Batoro, Swahili and Batutsi tribes, each of which had over twice as many 
positive as negative values. As regards the various characters, NH had all 8 
values positive, TLL had 7, and IoB and MFH each had 6. 


4.3. Table 6b shows the values of ga for all 112 samples and in this case there 
was no significant difference between the expected 56 each and the observed ratio of 
55 positive and 57 negative values. "Two tribes, the Baganda and the Bahutu, each 
had over twice as many peaked as flat distributions among the 14 characters, while 
the Swahili had 9 flat and 5 peaked. Of the characters, TLL had 7 peaked and 1 
flat, TUL had 6 peaked and 2 flat, while BzB had 6 flat and 2 peaked distributions. 


4.4. Thus in general it will be seen from these tables that the two characters 
in which departure from sample normality was most marked were TLL, which for 6 
out of 8 tribes had distributions both positively skew and peaked, and NH, which 
was always positively skew, with 3 peaked and 5 flat distributions. 


4.5. The occurrence of values of Ф and gy which differed from zero at the 
5%, or greater, level of significance, is shown in Figure 2. 


Su 


BAGANDA 

BAHUTU LJ T TF 
BATORO BEEN 
BAHIRU age 


o 
> 
z 
= 
o 
x 
о 


BATUTSI 

SWAHILI Ran 
tuo | || =| 
TOTALS 


Fig. 2. Incidence of significantly 


non-normal samples 


¢ indicates positively skew distribution 


uy 5$ negatively „ E 
T » peaked E 
l E flat 


Of the 10 significant values of Jı; against approximate] 
expected to arise by chance, 8 were positive in sign, — 
tribe, thus supporting the indication that 


less than the mean. 12 signifie 


У 6 which might have been 
of which 4 occurred in the Luo 
sampling bias was towards observations 


ant values of 92 are shown and this is about double 
the number which might have been expected by chance, Of these 12 9 were posi- 


tive, of which 5 came from the Bahutu tribe. Thus, although the 112 samples 
showed no significant difference between the numbers of peaked and flat distribu- 
tions, three-quarters of those for which 9» Was significant were peaked, 
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4.6. No case of significant departure from normality of sampling was found 
for either the Bahiru or Batutsi tribes and only one, LH, for both Batoro and Banyoro. 
Five characters, STH, HB. BzB, IoB and NB. gave rise to no abnormal distributions, 
but characters HH and LH each had three distributions significantly different from 
normal. The occurrence of significant departure from normality was apparently un- 
affected by the size of the sample. 


4.7. The probabilities of obtaining values less than, or equal to, the observed 
values of g, and g, were calculated and distributed by decile range. 


The results are 
shown in Table 7 columns (2) and (3), 


TABLE 7. FREQUENCY DISTRIBUTIONS OF THE PROBABILITY OF OBTAINING 
VALUES OF g, AND 92, EQUAL TO OR LESS THAN THOSE OBSERVED 


decile range Ф 72 
(1) @ (3 
0.0-0.1 8 7 
0.1-0.2 6 9 
0.2-0.3 9 12 
0.3-0.4 10 14 
0.4-0.5 10 10 
0.5-0.6 14 12 
0.6-0.7 11 11 
0.7-0.8 14 6 
0.8-0.9 10 6 
0.9-1.0 20 25 
n mn 


Theoretically these frequency distributions should b 
ly distributed one-tenth of the 112 
range. For 9 a x? test of the observed again 
ficant, y? = 12.688 with 9 degrees of free 
of the g, values could be said to be normally distributed i 
figure of 20 for the range 0.9—1.0. In the case of gy, 
at the 0.1% point (Р < .001), showing that the probabilities of occurrence of 
the he's were not normally distributed, the greatest contribution to X* again coming 
from the range 0.9—1.0, with a frequency of 25 against an expected 11.2, indie E 
that the distribution of 0» values was abnormal in that there was 
extreme values. 


8 was insigni- 
abilities of occurrence 
n spite of the high 
* = 27.910, significant 


ating 
а preponderance of 
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5. SAMPLE MEANS AND STANDARD ERRORS 


For each tribe, Table 9 shows the means and their standard errors for each 
of the 14 characters. Owing to the amount of computation involved, the only 
t-tests carried out were those on the differences, for each character, between the 
means of the Baganda and those of the other seven tribes'. The significant differences 


arising from these tests are shown in Table 8. 


TABLE S. RESULTS OF ¿TESTS ON THE DIFFERENCES BETWEEN BAGANDA MEANS 
AND THOSE OF THE OTHER SEVEN TRIBES. S INDICATES SIGNIFICANT 
DIFFERENCE AT, OR ABOVE, THE 5% LEVEL (P < .05) 


ach? OO nas 


body charactors head characters 

эшче St SH STH TUL TLL HL HB BzB 18 NB HH MFH NH LH 

(1) (2 (9 (4 (5) (60 (п) (s) (9 (1) (1) (2 (13) (4) (15) 
Bahutu S S S S S 8 — — 
Batoro S S S S — S S — 8 — 
Buhiru — S S S — S S — — — 
Banyoro — S S — S S — — 
Batutsi S S S 8 S S — S S S — — S — 
Swahili — — — — — S S — — S — S S — 
Luo S S S S S — S S S — — — S — 


5.2. The coefficients of variation for each character, by tribes, are shown in 
Table 10 from which it will be seen that in general there was good agreement within 
each character. Taking rough averages, St, SH, HL, HB and BzB were less than 4, 
STH, TUL, TLL, HH and MFH were less than 5, NH. was less than 6, NB was less 
than 7, IoB was just about 8, while LH was about 13. 


5.3. For each character the eight sample (tribe) variances were tested for 
homogeneity by the Bartlett test. Only three characters showed significant hetero- 
geneity, two of these, NH and LH, at the 5% level, and one, IoB, at the 0:19 level. 


5.4. Correlation coefficients. Correlation coefficients were worked out between 
all 14 characters for each of the eight tribes. It was noticed that, in general, tho 
body characters were more highly inter-correlated than those of the head; in parti- 
cular, the highest, in nearly all cases, being those in which St was present. 


1The Baganda tribe was mado the basis for these comparisons because (a) it had the largest n, (b) 
its mean values for the various characters appeared to be fairly centrally situated, and (c) it had been the 


focal point of interest in the provious examination of the data. 
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6. ELIMINATION OF CERTAIN CHARACTERS 


6.1. At this point it was considered desirable to attempt the selection of а 
reduced list of characters on which to base the final analysis. It was decided that 
übout 9 of the original selection of 14 characters should be retained, as more than this 
number would greatly increase the amount of computation involved in the later stages. 


6.2. Although Table 8, which shows the results of the t-tests carried out, con- 
sidered in conjunction with the results of the tests on normality of sampling, homo- 
geneity of variances, correlation coefficients, etc., might have been used to form the 

| basis for such a selection, a further attempt, based on the evaluation of successive 
| D? values, was made to determine which of the 14 characters were most valuable 
| in differentiating between the tribes. 


6.3. As in the t-tests! the Baganda figures were again taken, with those of 
the other tribes and Table 11 shows, for body and head characters separately, the 
significance level reached by D? as each character was successively introduced. 


TABLE 11. SIGNIFICANCE LEVEL REACHED BY Р? IN COMPARING THE BAGANDA WITH 
EACH OF THE OTHER SEVEN TRIBES, FOR BODY AND HEAD SEPARATELY, 
AS EACH CHARACTER SUCCESSIVELY INTRODUCED 


— —— te e e E—ä t.d - 


body charactors head characters 


Baganda St SH STH TUL TLL HL HB BzB IoB NB HH MFH NH LH 


with 

(1) (2) (3 (0 (5) (9 (0 (8) (9 (10) (11) (12) (13) (14) (15) 
Bahutu * * * * . *. * *** ** . ** *. БЫ kkk ** * .. **. * 

^ 

Batoro * * ** ** * ** ** ** ** KH Жжжж *** * * ook 
Bahiru * "Cx oO M xen 
Banyoro * kk эж жж жж HH Nr ES * * 
Batutsi kkk kkk kk Жжж Fk жж "E MEL жж» 
Swahili жж **. * Жжж doe Жжжж * * kkk 
Luo Lid LIII жж kok * . . жж *** * ** ** LIII LII ж kkk 


* indicatos D? significant at 5% level (P < .05) 
m „ p» * E 1% " (P«.01) 
kkk » po „ 0.1% " (P«.001) 


1As any ono t-test may be said to indicate the significance of the distance between the Baganda 


and another tribe in respect of a single character it 
St and HL, i.e., the first characters used for body and head res- 


is equivalent to D? in its simplest form. This is shown 
by comparison of the ¢ and D? results for 


peetively. 
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It was then possible to prepare a further table (Table 
for body and head characters separately, the significance of the 
differentiate due to bringing in each additional character. 


12) showing, again 
increase in ability to 


2 IN с {С THE BACAN "TH 
12. SIGNIFICANCE OF THE INCREASE IN D? IN COMPARING THE vM т" W 
8 н c E te 28, F 3 Г AND HEAD SEPARATELY, 
В SEVEN BES, FOR BODY AND 
EACH. OF THE OTHER SEVEN TRI 5 Т ЦО ИША туома 
S TO THE INTRODUCTION OF EACH SUCCESSIVE CHARACTER 


body characters head characters 


" H MF { н 
1 St SH STH TUL TLL HL HB ВВ IoB NB HH MFH NH 1 
Baganda * 
with و‎ T 
(1) 0 (39 (9 (5 6 () (ву (эу 00) (1) (2) (13) (14) 
Bak t * * * ** * * * * * * * eee ser 
ahutu 
Batoro = ++ ** * * * doe 
а 
* 
Bahiru * sse = 
Banyoro * * жж жж жж жж ж 
Batutsi . *. жж жж жж * ** * 
Swahili * s hae жж „ жж 
Luo ыды Ж жж * 1 жж жжж * 


* indicates increase in D? 


significant at 5% level 
** 22 


ЭМЕ 33: туй ” » 
D? 


199 " 
” Que, » 
From the above table j 


t will be seen th 
three head, IoB, MFH 


at two body characters, SH and TLL, and 
and LH, were comparatively ineffective in 
ajority of the other tribes, 
cters based on Table 8, et; 


from the anthropologic 


aiding discrimina- 
This provides corro- 
€. As, however, the 
al viewpoint this was 


Sse 
tions. 


To Poorzp ESTIMATES OF CORRELATION 


7.1. Having thus reduced 


в to three, St, STH 
and TUL, and the head characters to Seven, 


; HH, NH and LH, 
the 45 pooled estimates of correlation coefficients 


10 characters were 
obtained, by use of the + toz transformation, and te 
shown in Tables 13a and 13b to 


of each set of eight coefficients 
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HT HN HH як ‚ #4 ян TH TOL HIS 18 


SONVOIJINDIS UISHIL ANV SI,NSIOLIASIOO 


SS A v——— —„—ͤ—ö— 


NOLLVTWHHOD аятооа 


“BEL ATAVL 
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of the three remaining values were within the range 0.5-0.6 and only one, St with STH, 
had the comparatively high value of --0.7888. As stated earlier, the highest values 
were those between pairs of body characters, in particular those in which St was pre- 
sent, the most outstanding exception to this being the value +-0.5475 for the head 
characters HB with BzB. Conversely, in general, the lowest pooled correlations were 
those involving LH, though the smallest of all was that for HH with NH with a 
value of only 4-0.0283. 


" 


1.3. That homogeneity existed within each set of eight individual correlations 


was disproved in only 7 cases out of 45, of which 6 were at the 5% level and 1 only, 
TUL with HL, at the 1% level of significance. In those 6 sets of coefficients in which 
heterogeneity was found to be significant at the 5% level, St was involved 4 times, 


with HL, HB, BzB and LH; and LH was involved 3 times, with St, STH and HH. 


8. NORMALISED MEAN VALUES 


By subtracting the weighted character mean from each tribal mean and 
dividing by the pooled estimate of the standard deviation for that character, norma- 
lised mean values were obtained and these are Shown in Table 14. 


TABLE 14. NORMALISED MEAN VALUES 


tribe St STH 


TUL HL HB BzB NB HH 


NH LH 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
Baganda —0.265 —0.200 —0.101 +0.401 —0.201 +0.220 +0.440 +0.302 —0.317 —0. 036 
Bahutu —0.545 +0.026 —0.149 —0.295 —0.158 —0.072 —0.110 —0.552 —0.496 --0.059 
Batoro +0.052 +0.276 +0.111 —0.017 —0.004 +0.377 +0.071 —0.141 +0.317 40.131 
Bahiru —0.447 —0.228 —0.239 —0.284 —0.883 —0.484 —0.050 —0.347 —0.440 —0.229 
Banyoro 0.169 —0.279 —0.327 —0.190 —0.110 —0.237 +0.263 —0.207 —0.447 . 9.187 
Batutsi +0.811 +0.376 --0.439 +0.107 —0.145 —0.486 —1.449 +0.393 +0.600 40. 065 
Swahili 0.418 —0.297 —0.300 —0.115 4-0.755 10.068 +0.149 +0.131 +0.503 —0.018 
Luo +0.981 +0.326 +0.565 +0.320 +0.755 +0 613 +0.675 +0.426 40.287 40.226 


These figures indicate, for each character 
viation between each tribe and the overall mean and thus, in effect 
the table have been reduced to the same ‘scale’ and are therefore bi 
the original inequalities in magnitude between the Yi 
having been eliminated. 


; the mean difference per unit standard de- 


all the figures in 
mparable in size, 


arious character measurements 
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9. D? vALUES 


9.1. Table 15 below shows the mean values of the transformed characters 
obtained by the method explained in detail by Rao (1952). These are such that the 
generalised distance, or D?, between апу two tribes is the sum of squares of the differ- 


ences between their corresponding y-values. 


TABLE 15. MEAN VALUES OF TRANSFORMED CHARACTERS 


tribo Dn Ya Из Ya Ys yo y: Ув yo Vio 

(1) (2) (3) (4) (5) (9 (7) (8) (9) (10 (1) 
Baganda —0.365 —0.052 --0.169 +0.534 —0.303 --0.382 +0.323 +0.319 —0.289 —0.123 
Bahutu —0.545 +0.485 +0.546 —0.130 0 +0.082 —0.043 —0.360 —0.435 +0.199 
Batoro 40.052 +0.305 +0.172 —0.056 —0.008 +0.439 —0.041 —0.113 +0.301 +0.134 
Bahiru —0.447 +0.047 +0.197 —0.136 0.794 +0.027 +0.076 —0.076 —0.384 —0.154 
Banyoro 0. 169 —0.221 —0.362 —0.058 —0.068 —0.135 +0.386 —0.204 —0.467 —0.109 


Batutsi +0.811 —0.132 —0.358 —0.185 —0.302 —0.648 


Swahili —0.418 —0.060 +0.038 +0.037 +0.903 


Luo 40.981 —0.321 —0.406 0.000 -+0.876 +0.125 +0.508 +0.062 +-0.089 +0.110 


The D? values thus obtained, excluding LH (узо), are shown in Table 16a 


arranged in ascending order. 
= nm D? (m+): with degrees of freedom equal to 


]l were significant at the 0.1% point with the 


9.2. When tested as * 
the number of characters used, i.8.» 9,a 

hich was significant at the 1% point. 
e sufficient to ensure a Very high 


Sole exception of Bahiru with Banyoro W 
This indicates that the nine characters chosen wer! 
degree of differentiation between all the tribes, including those within the Ban- 
ficance of the D? values was, in general, 
ns been taken on those 


tomorphie group. In fact the level of signi 
so high that, had a somewhat greater number of observatio 
bable that fewer than nine characters 


Bantomorphic tribes with very low ?, it is pro 
might justifiably have been used with successful result. 

Tg will clearly be seen from Table 16a and Figure 3 that the N 
tribes were closely clustered together, and that this cluster was progressively 5 
from the Mulattomorphs (Swahili), Nilotomorphs (Luo), and the Hamitomorp 
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(Batutsi). Of the three last-mentioned groups the nearest together were the Mulat- 


tomorphs and Nilotomorphs. The intra- and inter-cluster average D? values are 


shown in Table 17. 


BAGANDA BAHUTU BATCRO ВАНІВО BANYORO BATUTSI SWAHILI 


BAGANDA 
BAHUTU 
BATORO 
BAHIRU 
BANYORO 
BATUTSI 
SWAHILI 


Fig. 3. Generalised distances (D's) between tribes. 


TABLE 17. INTRA AND INTER-CLUSTER AVERAGE D* VALUES 


racial Banto- Mulatto- Niloto- 
group morphs morphs morphs 
Bantomorphs 1.375 
Mulattomorphs 2.864 
Nilotomorphs 3.482 813 
Hamitomorphs 6.111 6.377 5.680 


— . = 


Taking the square-roots of these .D?'s to represent the distancesseparating the clusters, 


Figure 4 shows their approximate mutual relationships. 


NILOTOMORPHS 


MULATTOMORPHS 
HAMITOMORPHS z 


BANTO- 
MORPHS 
77 


ationships of the racial gro 


ups. 


Fig. 4. Approximate mutual rel 


4T 


Vor.20] SANKHYÀ: THE INDIAN JOURNAL OF STATISTICS [Parts 1 & 2 


It is interesting to see how closely these approximate relationships between the racial 
groups agree with the general geographical locations of the groups as given by 
Oschinsky (1954) and reproduced in Figure 5. 


HAMI TOMORPHS 
HAMITOMORPHS 


SUDANOMORPHS NILOTOMORPHS 


MA 
BANTOMORPHS 
BANTOMORPHS 


Fig. 5. Distribution of the negro and negroid 
races of Africa, 


Key: 
U = Uganda 
K — Kenya 


T — Tanganyika 


Н was very slight. 


that the X? value, 
»Was even further from reaching the 0.195 level 
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TABLE 18. BANTOMORPHIC TRIBES ARRANGED IN ORDER 
OF INCREASING р? 


— V 


excluding LH D? including LH р? 
(1) (2) (3) (4) 
Bahutu—Bahiru 1.013 E Baganda—Bahiru 1.087 
Baganda—Bahiru 1.086 Bahutu—Bahiru 1.188 
Banyoro—Bahiru 1.144 Banyoro—Bahiru 1.146 
Bahutu—Batoro 1.249 Bahutu—Batoro Е.2 
Baganda—Banyoro 1.294 Baganda—Banyoro 1.294 
Baganda—Batoro 1.334 Baganda— Batoro 1.400 
Batoro—Bahiru Batoro—Bahiru 1.677 
Bahutu—Banyoro 1.662 Banyoro—Batoro 1.737 
Banyoro—Batoro 1.678 Bahutu—Banyoro 1.757 
Baganda—Bahutu 1.697 Baganda—Bahutu 1.801 


The average intra-cluster distance between tribes of the B 


antomorphie group was 
Increased from 1.17 to 1.20, 


and the inter-cluster average distances for the В 
morphie with Nilotomorphie and Hamitomor 


0.01, to 1.89 and 2.49]respectively. The other 


anto- 
phic groups were both increased by 
relationships remained unchanged. 


LL CONTRIBUTIONS OF THE VARIOUS CHARACTERS 


In order to study further the contributions of the v 
an values were plotted in Figure 6. 


arious characters used, 
their normalised me 


+ O 


+05 


o 


Milly 
dU 


ST STH TUL HL HB BZB NB HH NH LH 


Fig. 6. Normalised mean values of characters used in D°- 


‚ Key: 
L — Luo 1 = Batoro 
В = Batutsi 2 — Banyoro 
S — Swahili 3 — Baganda 
4 — Bahiru 
5 — Bahutu 
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The Figure shows that in general, among the Bantomorphie tribes, the Batoro pe 
Baganda had values above, and Bahutu and Bahiru had values below, ine 1 
the greatest degree of divergence in this group being in Head and Nose Height, на 

Head апа Bizygomatie Breadth. As regards the other three racial groups the Lapse 
morphs (Luo) had the highest values for most characters; the Mulattomorpha(Swahili) 
had comparatively low values for body, but high values for head characters, in parti- 
cular Head Breadth; while the Hamitomorphs (Batutsi) had generally high values 
with the exceptions of Nose Breadth, for which character they were outstandingly 
removed from all the other tribes, and Head and Bizygomatic Breadth. The cha- 


racters which showed the greatest differences between 


other groups and the 
Bantomorphs were: 


(a) Nilotomorphs and Hamitomorphs : 


Stature, Total Upper Extremity 
Length, Nose Breadth; 
(b) Nilotomorphs and Mulattomorphs: Head Breadth; 


(c) Hamitomorphs and Mulattomorphs: Nose Height. 


12. SUMMARY FIN DINGS 


А highly significant degree of differentiation be 
dered was found for values of D? based on three body n 
Trunk Height and Total Upper Extremit 


tween the eight tribes consi- 
1easurements, Stature, Sitting 


y Length, and six head measurements, Head 
Length, Head Breadth, Bizygomatie Breadth, Nose Breadth, Head Height and Nose 


Height. The addition of measurements on Lip Height did not materially affect the 
result. The Bantomorphic group showed a close affinity and were clearly differen- 
tiated from the other three racial groups, being progressively distant from the Mulat- 
tomorphs, Nilotomorphs and Hamitomorphs. The Hamitomorphs were further 
removed from the other three groups than any of these were from each other. 
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APPENDIX: MEASUREMENTS ON EAST AFRICAN 


858 


821 
804 
896 


181 
834 
848 
859 
836 


894 
862 
826 
816 
914 


807 
821 
846 
844 
805 


830 
801 
877 
816 
821 


888 
834 
819 
828 
834 


769 
852 
848 
837 
848 


807 
824. 
803 
881 
853 


866 
851 
923 
836 
852 


TUL 
771 
776 
776 


760 
773 


764 
796 
753 
766 
793 


826 
806 
767 
774 
789 


738 
734 
758 
791 
805 


797 
701 
790 
814 
777 


837 
794 
748 
746 
814 


739 
800 
765 
792 
731 


774 
829 
793 
766 
767 


816 
766 
856 
731 
736 


MALE ADULTS (mm) 


TLL 


879 
945 
887 
907 
897 


886 
931 
834 
930 
902 


922 
945 
922 
927 
917 


855 
882 
885 
924 
919 


927 
833 
925 
969 
896 


968 
960 
878 
887 
977 


869 
921 
897 
961 
856 


925 
983 
910 
928 
911 


953 
882 
956 
869 
849 


BAGANDA 
HB ` BzB 
137 126 
142 133 
143 139 
143 136 
147 142 
144 138 
137 138 
149 139 
145 135 
140 142 
152 144 
145 136 
149 144 
140 132 
147 140 
146 139 
144 132 
144 132 
138 128 
147 138 
141 139 
133 138 
140 139 
136 131 
140 184 
143 132 
142 136 
147 135 
147 135 
141 134 
138 131 
148 138 
140 134 
143 135 
146 144 
143 132 
146 138 
143 136 
157 142 
146 140 
143 139 
142 139 
137 130 
134 125 
147 140 


IoB 


32 


32 


39 
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HH 


131 
132 
119 
125 


120 


120 
118 
134 
124 
130 


132 
129 
127 
120 
125 


119 
121 

126 
126 
124 


117 
123 
124 
124 
131 


131 
132 
129 
123 
122 


129 
115 
125 
115 
132 


133 
132 
118 
120 
127 


116 
121 
126 
119 
111 
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RACIAL GROUP: BANTOMORPH (continued) 


BaGANDA (continued) 


serial 
no. St SH STH TUL TLL HL HB BzB IoB NB HH МЕН NH 
16 1677 834 563 754 945 194 146 136 33 44 11 119 49 
47 1676 843 549 785 915 191 141 138 33 40 113 112 47 
48 1070 836 542 792 934 199 153 145 36 43 121 116 50 
49 1739 930 612 809 927 206 151 150 41 47 123 115 51 
50 1707 802 518 812 953 194 145 145 28 47 123 113 47 
864 3 770 2932 197 151 140 42 42 127 120 48 
855 1 796 958 198 145 140 41 42 121 128 53 
767 ) 733 843 165 122 122 33 45 109 103 50 
845 6 795 965 199 145 147 42 53 126 121 49 
858 9 8458 985 203 147 127 37 42 133 125 48 
56 1740 837 347 798 1002 197 147 137 33 30 126 121 51 
57 1724 884 4 830 934 201 144 135 30 45 132 128 55 
58 1705 862 5 804 934 203 142 142 39 49 123 124 50 
59 1527 745 9 715 849 192 142 132 39 42 123 116 32 
60 1679 847 552 780 958 199 144 145 36 48 110 125 47 
61 1654 781 501 762 922 193 132 130 36 46 117 119 46 
62 1554 798 524 712 846 182 132 140 42 49 117 115 50 
63 1768 893 566 856 954 201 147 145 38 471 22 121 47 
64 1711 848 557 794 936 188 148 138 37 7 127 118 56 
65 1738 842 5 793 1004 194 141 137 36 49 126 108 49 
66 1023 802 511 774 892 197 138 131 34 42 121 112 48 
07 1027 831 547 769 888 198 143 135 36 42 126 113 49 
68 1695 814 519 760 937 188 143 132 37 41 130 121 49 
69 1711 822 510 802 988 194 142 127 32 47 125 116 47 
70 1646 828 550 740 908 194 143 138 36 45 125 120 51 
7l 1772 880 566 844 990 206 146 137 35 44 126 121 50 
72 1617 832 542 747 881 197 146 131 33 46 121 110 48 
73 1590 777 498 722 880 iss 135 125 35 44 111 115 49 
74 1746 856 541 773 922 199 147 138 37 48 129 111 5l 
75 1056 836 540 787 929 188 147 146 39 49 127 114 50 
76 1646 827 515 774 913 189 138 197 31 43 128 125 52 
17 1629 808 514 805 919 192 145 137 39 45 126 118 50 
18 1051 856 541 768 882 190 141 135 41 44 130 122 55 
19 1764 898 580 826 978 202 143 132 38 45 132 122 51 
80 1650 830 530 768 911 191 147 145 46 47 126 114 48 
81 1666 837 544 740 924 193 142 137 37 47 127 12 1 
82 1636 813 521 781 917 199 146 135 33 43 117 121 48 
83 1671 815 543 789 944 207 149 150 40 49 122 118 50 
84 1793 899 584 874 1019 189 139 135 38 46 132 121 49 
85 1706 801 502 822 970 207 141 136 39 52 129 121 49 
86 1649 820 531 758 908 189 142 136 37 42 120 123 49 
87 1093 831 544 833 973 190 143 135 37 45 122 121 49 
ue 1602 873 577 169 897 201 141 130 36 42 123 119 52 
80 724 860 530 806 962 209 154 147 40 48 127 130 55 
1677 800 510 834 943 191 145 132 38 48 191 128 65 
91 1650 833 338 738 911 194 145 
2 53 E ‹ 9 5 138 30 44 131 123 50 
95 1588 794 500 780 946 189 11 137 43 зв 127 113 48 
34 1085 98 506 722 820 193 140 137 34 44 120 112 48 
UE 1878 789 562 784 1027 196 142 137 36 42 117 122 50 
0/9 182 485 742 868 196 138 125 36 44 130 113 49 
Е 
Ed itid poo 524 769 890 192 140 131 34 45 121 119 50 
98 1617 793 498 712 842 194 149 138 38 48 125 105 41 
99 1723 15 915 795 921 189 141 137 40 44 IIS 121 47 
100 16 4 558 771 1015 197 138 138 39 45 116 121 50 
77 845 554 798 929 197 144 136 37 46 119 117 54 


53 
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RACIAL GROUP: BANTOMORPH (continued) 


BaGanpa (continued) 


m St SH STH TUL TLL HL HB BzB IoB NB HH'MFH NH LH 


7 5 2 43 125 107 45 32 
5 12 517 786 894 195 142 140 38 - 0 45 з 
102 1528 704 510 724 815 301 138 188 12 45 A n РА 0 
1: 5 2 З Б 5 2. 2 X 
108 1713 852 546 805 930 201 йт S К у: 
25 01 512 757 865 202 133 133 1 3 1 2 d : 
105 1706 842 542 803 951 190 135 132 35 45 120 116 49 23 


52 7 739 826 191 136 125 32 40 118 124 52 28 
107 1684 329 529 806 912 200 151 145 38 49 124 113 47 19 
108 1685 814 533 801 952 198 152 143 38 45 124 119 47 23 
109 1673 819 768 923 199 147 145 43 50 130 120 48 26 


110 1644 795 500 784 932 199 144 137 36 49 132 126 52 24 


52 


5 849 995 208 144 138 40 44 131 125 50 27 
ДЕ 1748 848 844 998 190 147 141 37 46 126 113 47 28 
113 1689 842 558 824 931 194 137 128 37 43 123 127 48 32 
114 1586 843 529 708 814 196 137 132 37 45 114 113 46 23 
115 1663 822 519 775 891 196 143 137 32 48 117 119 46 


116 1777° 892 572 854 977 201 144 138 42 48 128 125 49 30 
117 1640 792 514 807 909 198 134 38 45 117 108 47 24 
118 1701 829 523 815 923 196 138 32 41 132 114 51 31 
119 1665 840 548 805 925 195 137 36 43 127 127 51 96 
120 1671 852 560 754 901 194 137 40 46 125 118 52 20 


121 1710 844 
122 1636 850 
123 1553 807 
124 1706 887 
125 1669 861 


819 952 206 142 142 
764 885 195 143 132 
750 832 193 145 130 
811 936 193 141 127 
818 941 195 135 134 


7 45 119 114 48 28 
5 45 131 120 51 26 
45 118 116 50 27 
43 129 114 48 22 
44 121 ВЗ $50 23 


126 1495 779 511 722 789 187 140 133 36 
197 1758 841 546 843 1002 199 150 141 36 
128 1653 876 2 

129 1742 857 
130 1609 813 


42 119 108 48 26 
45 125 126 56 21 
759 884 196 141 133 36 46 110 112 47 28 
785 954 200 138 133 39 47 113 132 52 24 
746 882 186 147 136 35 42 106 111 49 26 


131 1779 864 558 842 993 195 149 145 42 47 120 118 48 27 
132 1659 832 532 770 918 188 148 139 37 41 117 117 46 24 
133 1617 855 568 747 855 189 148 135 38 44 111 111 48 22 
134 1746 871 578 807 953 208 146 141 38 45 128 116 49 24 
135 1585 792 529 752 876 182 133 132 37 42 113 114 47 21 
136 1621 819 534 776 911 185 139 130 29 47 131 102 48 25 
137 1687 856 559 790 931 196 140 133 35 43 121 127 54 26 
138 1626 840 538 722 873 196 146 138 38 41 117 131 46 26 
139 1644 846 536 759 893 198 148 138 34 45 119 114 47 23 
140 1650 833 550 732 884 190 142 137 36 43 118 119 49 21 


141 1675 837 532 772 
142 1699 820 529 792 185 141 140 38 43 112 122 55 23 
143 1605 852 550 708 852 188 142 136 36 40 122 120 49 24 
144 1623 852 553 738 856 189 136 133 38 47 116 112 47 25 
145 1615 862 570 721 872 196 132 136 35 43 121 114 59 93 
146 1662 839 543 782 903 199 144 139 36 51 122 115 45 98 
147 1621 845 543 731 875 208 153 136 36 47 129 119 49 97 
148 1752 907 597 803 950 192 144 136 38 46 128 131 54 30 
149 1617 820 530 731 883 190 140 128 32 41 112 113 50 23 
150 1671 864 565 786 907 196 137 128 39 43 191 124 54 55 
151 1729 855 546 777 967 189 148 134 33 43 116 124 5 

152 1653 860 572 792 88: in 


2 195 145 137 37 47 118 119, 52 31 
153 1615 825 536 773 888 197 147 140 34 49 126 113 50 29 


154 1692 888 579 725 919 195 142 137 39 44 193 120 51 28 
155 1763 869 554 810 966 198 133 139 39 45 116 123 50 25 


211 141 138 36 50 121 116 48 25 


——— ,‚ 


serial 
no. 


22832 
225015 


METHODS USED IN DIFFERENTIATING RACIAL GROUPS 


SH 


STH 


RACIAL GROUP: BANTOMORPH (continued) 


TUL 


716 
750 


# С O Л 


2; 1 
S222 
S S A= 


TLL 


882 
903 
886 
865 


914 


946 
886 
899 
930 
862 


901 
969 
937 
915 
S41 


852 
916 
940 
957 
876 


819 
919 
922 
868 
S11 


846 
918 
866 
957 
886 


969 
904 
966 
942 
887 


896 
824 
853 
976 
912 


1043 
947 
884 
900 
903 


900 
922 
901 
917 
804 


910 
922 
864 
975 
957 


BAGANDA (continued) 


HL 


198 
196 
199 
187 
189 


202 
200 
190 
200 
193 


194 
192 
198 
198 
190 


187 
184 
206 
209 
190 


191 
199 
202 
200 
186 


199 
190 
187 
192 
185 


192 
195 
192 
202 
197 


196 
198 
192 
202 
205 


211 
200 
192 
195 
207 


195 
188 
196 
202 
198 


196 
203 
196 
193 
196 


HB 


136 
146 
140 
139 
146 


143 
140 
135 
143 
141 


139 
148 
137 
146 
140 


145 
147 
146 
141 
136 


143 
145 
143 
141 
134 


137 
135 
138 
150 
132 


144 
141 
135 
140 
136 


145 
136 
150 
145 
150 


146 
149 
137 
144 
146 


148 
137 
145 
137 
137 


146 
150 
145 
141 
142 
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BzB 


126 
136 
136 
131 
143 


134 
134 
132 
133 
130 


130 
148 
138 
144 
137 


133 
138 
141 
142 


125 


132 
132 
136 
131 
120 


127 
135 
138 
144 
127 


142 
138 
131 
128 
126 


140 
136 
137 
136 
141 


144 
143 
136 
138 
140 


143 
135 
141 
131 
141 


144 
148 
134 
135 
140 


IoB 


36 
40 
34 
33 


31 


36 
35 
38 
40 
30 


34 
37 
39 
39 
31 


HH. MFH. NH 


to — to to to 
o c S tS 


Orc КЕ) 


€ —À 


tots oo by 
Ad 


em 
— 
om 


112 
115 
115 


115 
114 
123 
127 
120 


121 
126 
127 
124 
126 


124 
128 
120 
180 
116 


120 
111 
118 
120 
127 


116 
109 
127 
124 
132 


114 
113 
118 
128 


127 


131 
116 
116 


50 
46 
51 
53 


52 


Vor. 20 ] SANKHYA : THE INDIAN JOURNAL OF STATISTICS [Parts 1 & 2 
RACIAL GROUP: BANTOMORPH (continued) 


BacawDa (continued) 


“no St SH STH TUL TLL HL HB BzB IoB NB HH MFH NH LH 


2 2 196 64 760 190 137 130 36 40 119 104 48 26 
213 1585 338 721 834 187 143 132 32 36 119 1 50 19 
213 1680 878 81] 929 187 145 134 35 47 117 125 52 31 
214 1645 868 809 899 202 145 147 36 47 133 131 53 31 
2 5 1596 809 539 779 870 195 150 145 37 46 117 116 48 3 


2 59 45 542 762 916 190 144 130 33 46 123 115 46 26 
217 1694 877 568 792 867 196 147 145 37 49 132 130 52 32 


871 783 896 192 140 135 34 44 114 117 47 23 
1639 843 813 913 195 141 138 35 39 118 109 47 21 
1658 836 772 929 188 136 136 33 41 114 117 48 24 


2 2 934 614 787 920 196 135 131 36 46 131 116 51 23 
222 1723 852 546 841 958 195 145 140 37 49 119 113 48 32 
223 1540 821 531 702 811 198 145 132 31 50 128 115 49 25 
224 1623 839 545 780 879 193 146 139 36 48 125 125 51 36 
225 1604 835 543 770 876 195 147 133 35 44 130 112 47 28 


226 1650 822 
227 1618 826 
228 1656 876 
229 1644 828 
230 1605 856 


784 932 181 140 139 34 50 119 119 47 31 
789 872 200 136 134 38 45 113 111 47 17 
780 909 197 142 133 36 46 109 112 47 21 


801 917 195 142 138 39 44 119 114 51 31 
769 846 202 142 139 34 46 122 114 47 17 


1631 859 567 756 886 194 141 137 33 49 126 112 47 
1651 852 567 801 891 195 140 141 37 45 119 110 46 


25 


29 
1691 891 385 801 938 202 145 133 41 49 122 120 48 27 
1618 833 529 752 876 196 143 138 37 40 129 132 47 27 
1573 800 517 785 881 182 138 138 34 42 117 111 45 26 


236 1607 836 542 757 868 201 142 132 36 46 120 
237 1635 853 563 808 881 196 145 135 36 41 120 
238 1740 900 589 829 948 195 151 151 43 48 
239 1608 817 513 758 872 198 140 136 35 44 
240 1683 850 539 809 913 200 137 133 36 44 


114 47 28 
124 51 28 
126 122 48 22 
123 122 49 24 
114 118 51 25 


241 1763 897 592 820 976 195 143 135 39 47 126 120 53 30 
242 1564 788 502 786 877 182 138 137 32 41 118 114 47 26 
243 1690 865 558 779 941 201 145 132 40 47 120 122 49 28 
244 1551 820 536 726 817 188 140 130 37 44 110 122 51 30 
245 1663 838 550 792 896 200 145 133 36 41 121 115 49 25 


25 
246 1651 835 551 760 893 190 142 136 34 44 122 121 51 20 
247 1575 815 528 774 874 183 138 130 32 42 118 113 46 22 
248 1646 848 571 786 894 195 145 138 35 46 129 122 50 28 
249 1659 863 561 786 891 198 145 139 32 51 114 122 49 28 
250 1594 805 526 749 889 192 134 134 38 47 117 2108 48 26 


351 1740 805 sss 828 942 201 141 1з 39 47 за по 4 21 
252 1079 875 580 788 901 188 145 140 36 45 139 118 42 a 
253 1763 899 599 825 042 195 140 137 36 45 12 117 48 2 
254 1875 8082 865 1% 841 lə ld 137 39 43 пу Lj 80 26 
255 1000 844 555 808 9% 198 149 141 ав 19 128 112 50 20 
256 1559 825 527 758 861 204 150 138 38 ав 198 127 55 28 
257 16% 880 581 709 917 189 148 142 39 47 119 114 55 28 | 
258 1800 842 552 765 967 198 139 135 35 4 121 m 50 2 
250 1682 864 560 761 889 201 140 131 37 46 126 li 50 24 
260 1748 905 895 88 943 1% 151 151 44 46 130 120 40 2% 
201 1722 874 681 80 948 192 134 132 39 46 194 15 4 gg 
262 1613 833 538 812 869 103 138 137 34 45 192 121 46 2 
263 1557 805 519 774 804 191 134 18 35 42 190 114 50 28 
264 1679 875 077 810 018 196 14 138 35 47 19 124 47 2 
205 1689 363 558 793 930 200 145 142 38 50 122 121 55 20 


56 


sorial 
no. 


266 
267 
268 
269 
270 


St 


1669 
1670 
1684 
1678 
1784 


1662 
1682 
1540 
1736 
1726 


1598 
1707 
1645 
1579 
1640 


1621 
1624 
1644 
1633 
1603 


1693 
1674 
1683 
1576 
1635 


1493 
1691 
1642 
1647 
1590 


1651 
1693 
1678 
1700 
1767 
1571 


1682 
1679 
1695 
1679 
1658 


1653 
1634 
1670 
1601 
1691 


1712 
1618 
1613 
1668 
1633 


METHODS USED IN DIFFERENTIATING RACIAL GROUPS 


DARHT 
ات‎ EI 


STH 


RACIAL GROUP: BANTOMORPH. (continued) 


TUL 


795 


TIS 
760 
811 
866 


796 
804 
741 
790 
809 


765 
809 


TLL 


908 
900 


BAGANDA (continued) 


HL 


190 
189 
198 
198 


212 


205 
201 
187 
198 
202 


180 
202 
193 
191 
203 


199 
204 
200 
187 
198 


195 
205 
200 
191 
195 


185 
201 
195 
190 
192 


194 
193 
195 
202 
204 
194 


191 
186 
197 
192 
194 


201 
209 
197 
184 
196 


200 
181 
192 
190 
190 


HB 


141 
144 
141 
142 
147 


152 
142 
144 
146 
146 


136 
149 
149 
150 
146 


141 
144 
142 
138 
146 


141 
138 
145 
147 
141 


134 
143 
141 
138 
144 


144 
134 
136 
147 
144 
141 


Banuru 


148 
138 
139 
141 
145 


146 
147 
145 
143 
144 


146 
148 
147 
139 
140 
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BzB 


132 
136 
140 
138 
139 


147 
140 
138 
142 
135 


125 
140 
137 
140 
135 


136 
138 
140 
135 
132 


IoB 


32 
39 
34 
41 


33 
35 


36 


NB HH MFH 
133 


41 
47 
45 
47 
45 


130 
119 
120 
122 


121 


116 
122 
119 
131 
117 


108 
113 
127 
119 


122 


119 
116 
130 
113 
116 


117 
107 
121 
118 
116 


116 
135 
112 
АТ. 
114 


116 
121 
119 
128 
113 
127 


120 
118 
115 
119 


125 


124 
112 
117 
108 
131 


113 
111 
113 
118 
126 
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Vor. 20 ] SANKHYA : THE INDIAN JOURNAL OF STATISTICS I Ppanrs 1 & 2 
RACIAL GROUP: BANTOMORPH. (continued) 


BAHUTU (continued) 


no, St SH STH TUL TLL HL HB BzB IoB NB HH MFH NH LH 


ү; 7 819 975 183 145 140 36 44 119 114 52 27 
17 1220 292 720 817 181 136 125 33 40 105 118 53 18 
18 1547 810 736 803 187 140 132 36 42 120 111 44 24 
19 1712 874 791 946 203 146 139 37 45 118 113 ar 57 
20 1648 838 555 772 929 190 143 137 39 46 112 109 49 24 


21 1628 842 566 743 889 190 142 131 39 45 112 110 49 32 
22 1645 849 574 756 892 187 146 134 36 45 110 119 49 27 


23 1506 786 511 702 837 195 142 134 40 46 116 112 48 26 
24 1630 858 564 742 869 190 139 131 38 39 123 115 51 30 
25 1638 832 540 746 897 208 149 143 40 45 130 112 46 28 


26 1637 838 
27 1586 776 
28 1671 865 
29 1680 887 
30 1559 822 


798 904 184 134 133 34 44 115 109 50 24 
766 903 193 140 127 35 43 18 11 46 26 
803 939 189 147 136 35 49 120 1231 49 26 
784 932 195 147 134 39 48 121 118 48 27 
727 830 191 137 129 35 38 112 107 48 26 


31 1652 847 554 789 916 198 142 137 37 45 
32 1658 841 558 769 9 

33 1584 844 560 745 
34 1575 791 519 760 
35 1649 847 552 762 


123 113 47 27 
191 143 131 32 41 120 117 48 26 
190 142 132 34 49 120 108 47 20 
187 141 127 38 39 116 111 5 30 
187 141 389 37] 43 118 123 48 23 


36 1594 801 
37 1526 772 
38 1694 811 
39 1724 843 
40 1826 887 


40% e ee E e ee чё jeg d 
84% бе U 101 Зоти ту 51 
84 por 188. 143 "Iep l 1 44 
842 980 200 144 136 35 40 


120 125 51 
861 1077 193 144 135 37 40 123 117 53 


41 1676 862 571 792 Iu 46 mr GE" a к 26 
42 1480 720 465 757 


186 152 148 37 45 117 116 47 25 
43 1751 893 578 847 194 148 140 31 45 120 112 0 


44 1649 827 538 795 186 149 140 37 43 116 121 50 27 
45 1637 844 576 778 881 193 142 130 30 43 108 112 48 25 


46 1706 857 561 823 944 191 144 135 39 43 117 122 48 35 
47 1614 815 542 746 887 185 144 131 33 39 114 107 46 24 
48 1516 803 525 708 810 193 137 133 33 40 118 113 4g 25 
49 1579 826 547 766 822 198 143 136 4l 44 117 112 47 27 
50 1618 876 580 758 872 194 150 136 38 47 124 120 54 2 


300 „ ООО 020. 100 147% 337 37 45 121 

598 7 9 37 1 { 116 5 E 
200, 1843. SISA 8078 тозо e Үн ^ ap €. no Т 47 24 
815 540 796 883 185 150 : 


b 5 9 Ie 7H. dg qp de d З 
54 BM e ш ои e. 1 37 Hu 1 
55 SpE ee ee ee ME 117 52 23 
56 825 526 768 911 191 136 


134 37 42 UT S 
841 557 807 947 101 146 1% PaT BL е 4é ж 


5p 
805 536 788 877 191 140 132 34 "i 100 117 ou 
924 B4 TM 015 185 дав 1$ 34^ Ge DOMI) cas: . ot 
90, 1089 ВІВ 888 "ES авв 194 ni sep ay aE Ug UE 0 Be 
750 857 188 145 127 37 ge 

779 939 185 147 130 32 41 118 100 e 
63 1681 847 it!! dE dg Hi ПИЙ 5j 3 
64 1601 806 ¢ LAE OMS а. 108 up 2 
05 1080 84) 8581. 787 9% 193 т 136 3, 23 TN IG ag. у 


61 1586 837 
62 1702 872 


56 1702 850 552 821 934 186 138 134 36 41 12 

97 1098 900 601 818 918 202 145 136 37 47 122 118 аа 
VV Wy ЛО 59 22 
69 1564 814 4 1394 me 192 3146 ee "41 Sige 115 Bl 26 
TO 1070 29, Gak 182). 942 ш ы ш шу ш 112 133 54 
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METHODS USED IN DIFFERENTIATING RACIAL GROUPS 


RACIAL GROUP: BANTOMORPH (continued) 


Banuru (continued) 


serial 
no. St SH HL HB BzB IoB NB HH MFH NH LH 
863 


191 140 42 123 123 48 28 
779 192 133 41 122 121 51 23 
191 139 44 116 127 48 24 
189 147 16 125 121 19 26 
192 139 10 115 111 53 26 


806 189 141 35 47 105 125 50 24 
77 845 192 130 37 БЫ 117 3 55 24 
78 796 182 130 39 43 119 110 47 28 
79 768 198 136 35 44 131 2 45 28 
80 749 197 140 44 46 116 12: 49 27 
81 1651 824 775 918 182 137 131 34 40 114 102 49 28 
82 1643 831 740 890 189 136 130 35 42 121 110 47 30 
83 1629 867 781 888 187 142 131 39 43 117 119 47 24 
84 1640 860 765 877 194 144 136 33 46 114 113 51 22 
85 1695 879 765 918 191 146 129 32 39 27 


889 703 918 195 151 142 34 45 113 124 33 28 
798 788 920 180 140 133 40 47 122 116 52 28 
844 682 $03 191 149 136 34 46 124 115 49 25 
878 748 827 196 148 135 38 48 125 114 43 30 
844 696 810 195 145 140 34 44 114 116 47 26 

92 1552 844 562 831 194 143 134 34 44 114 116 48 

22 1688 900 604 899 199 145 135 35 45 118 121 53 

93 1610 $65 581 866 196 141 130 36 39 115 120 48 

94 1645 848 558 910 189 141 131 35 43 123 103 45 

95 1610 846 564 883 190 142 136 39 43 102 113 46 


908 193 146 144 35 47 115 
951 188 143 130 29 42 108 
898 186 141 140 33 48 112 132 


Barono 


1679 860 618 795 930 199 142 136 41 48 122 114 48 26 
1825 914 596 879 1023 198 148 144 38 44 121 117 53 27 
1658 846 544 788 925 200 144 134 38 40 121 124 47 27 
1640 857 582 783 883 194 145 140 38 45 114 115 51 26 
1732 904 587 791 929 197 136 126 33 44 121 119 53 29 


DURO ID 


6 1649 825 524 797 918 198 140 140 34 48 130 118 
7 1679 822 537 796 937 194 148 141 35 46 131 121 50 28 
8 1731 903 600 839 913 197 151 142 36 41 110. 15 52 19 
9 1676 850 550 793 928 199 141 135 41 47 124 115 54 25 
0 1689 826 545 825 973 191 153 144 35 43 118 124 49 29 


11 1673 860 555 763 926 192 147 186 39 45 119 109 48 23 
12 1771 904 597 820 971 195 142 140 33 46 195 121 48 28 
13 1531 813 538 731 822 193 152 130 34 42 19» 193) 54. 3} 
14 1673 856 561 798 927 195 140 187 36 42 119 195 55 28 
15 1674 855 558 791 928 195 140 137 35 43 126 126 
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Vor. 20] SANKHYA: THE INDIAN JOURNAL OF STATISTICS [ Parts 1 & 2 
RACIAL GROUP: BANTOMORPH (continued) 


Влтово (continued) 


con St SH STH TUL TLL HL HB BzB IoB NB HH MFH NH LH 
16 1723 846 $51 987 195 140 131 29 42 117 121 28 
17 1676 847 805 929 199 142 136 42 48 124 116 24 


819 949 201 144 135 36 41 125 119 
739 872 184 143 140 35 44 119 116 52 25 


18 1747 878 
19 1604 826 


20 1643 842 539 780 912 190 145 141 33 45 126 117 31 21 
21 852 756 911 192 145 138 40 44 120 133 53 30 
22 840 797 921 195 153 141 38 43 115 125 52 98 
23 2 820 754 902 197 145 140 41 47 130 112 49 29 
24 1625 843 756 883 180 144 138 36 39 116 113 50 224 
25 1757 916 803 950 190 143 135 37 45 119 119 54 26 
26 1638 842 545 780 858 181 139 134 34 43 112 122 48 26 
27 1542 821 548 741 845 193 148 147 33 44 120 119 5l 26 
28 1031 815 521 727 912 191 135 132 35 41 110 124 35 22 
29 1663 870 564 758 903 193 148 142 40 46 119 117 54 32 
30 1650 811 526 769 928 200 141 137 39 45 108 118 51 31 


31 1734 856 564 815 984 179 146 138 34 42 123 113 
32 1652 880 576 775 900 194 144 128 31 44 110 
33 1640 825 540 769 860 185 137 131 35 44 117 
34 1621 844 549 775 880 186 147 135 35 51 
35 1568 S08 522 763 830 186 138 131 32 45 


36 1828 886 587 767 882 184 140 135 34 45 рә 9 20 
зт 1727 870 572 837 961 194 145, 141 36 11 117 Hs 4 S 
38 1850 917 600 848 1013 193 142 138 37 44 128 114 30 29 
39 1647 817 521 785 90 191 143 137 зт ав 119 131 57 28 
40 1655 835 540 804 915 192 146 136 33 43 13 5 2 


41 1740 912 585 800 926 192 143 132 35 
42 1615 870 598 782 885 185 145 134 34 46 
43 1640 852 531 717 878 195 142 127 38 44 124 118 

44 1676 874 581 777 917 190 146 140 41 44 123 118 i | 
45 1619 857 566 745 877 202 144 138 40 2 50 22 


46 1638 819 519 781 897 201 142 136 35 4» 

47 1715 858 565 796 966 183 136 135 39 ri 115 oe 50 z 
I OH 10 912 3181 145 148 40 48 ту лы 50 9 
49 1671 875 (577 779 902 196 147 141 43 46 12 16 58 24 
50 1746 802 586 705 906 193 145 140 43 5 118 48 99 


51 1777 874 570 855 1048 198 140 1 " 
52 1759 900 600 843 982 195 148 lig 20 n1 Hs 122 8 э 
58 1013 825 655 747 вав 187 158 127 во 44 118 102 51 зв 
oe Мт Об 39S TIB 049 190 Tal Tsi gs: 58 $ 18 50 27 
55 1635 834 543 710 884 187 145 144 35 123 120 53 95 


56 1623 823 550 808 901 198 146 139 : 
57 1712 876 595 784 965 187 138 137 33 4% 125 126 49 25 


BAHRU 


1635 768 471 Тїї 923 193 137 127 35 

1748 888 597 80 946 201 140 141 40 45 at pi 

1543 813 516 607 835 179 135 130 38 49 119 117 50 эв 

1548 837 558 722 819 183 137 198 35 аз 119 H8 45 21 

1028 835 553 747 871 187 141 135 32 42 112 197 e 24 
2 26 


«л яз wpe 


60 


ee, 4 r_a 


serial 
no. 


oR Whe 


1656 
1694 
1631 
1638 
1637 


METHODS USED IN DIFFERENTIATING RACIAL GROUPS 


SH 


795 
798 
817 
884 
798 


814 
846 


821 
S68 
880 
847 
807 


STH 


542 
538 
580 
566 
515 


RACIAL GROUP: BANTOMORPH. (continued) 


757 
733 
775 
733 
768 


H 
[s 
— 


nan 


Фамы 


с 
SI 


919 
943 
865 
885 
959 


928 
1020 
941 
900 
927 


923 
943 
933 
894 
909 


899 
904 
922 
930 
927 


903 
946 
857 
837 
924 


861 
825 
911 
939 
1003 


935 
817 
859 
880 


923 
915 
857 
891 
888 


Banrnu (continued) 


HL 


с Qo 00 Ф D 
Hay 


190 
202 
192 
193 
191 


196 
192 
196 
196 
191 


195 
190 
201 
178 
197 


198 
197 
187 
187 
193 


193 
190 
183 
200 
186 


185 
179 
193 
198 
196 


181 
183 
184 
200 


192 
196 
193 
191 
202 


HB ВВ 
135 129 
136 126 
141 135 
139 130 
134 122 
137 135 
141 133 
135 134 
141 187 
142 139 
142 131 
152 13€ 
144 139 
134 134 
132 127 
140 135 
136 136 
145 140 
146 136 
145 131 
135 135 
145 132 
137 126 
141 136 
143 132 
136 133 
136 136 
133 127 
135 124 
140 137 
144 137 
137 130 
138 127 
144 138 
146 133 
133 129 
138 128 
137 126 
145 132 
Banyoro 
151 125 
141 134 
140 135 
146 140 
142 136 


IoB 


34 
34 
33 
41 
33 


NB 


16 
ES! 
43 
47 
39 


40 
50 


43 
46 
44 
48 
42 


HH 


115 
119 
111 
120 
109 


111 
118 
128 
116 
116 


128 
118 
125 
121 
112 


МЕН 


114 
114 
106 
122 


109 


— 2 а 


PETES 


боюча 


110 
116 
110 
114 
116 


47 
51 
48 
48 
49 


2 
2 
2 
2 
2 


AE 


25 
24 
28 
24 
26 


Vor. 20] SANKHYA : THE INDIAN JOURNAL OF STATISTICS [Parts 1 & 2 
RACIAL GROUP: BANTOMORPH (continued) 


Basvono (continued) 


585 STH TUL TLL HL HB вв IoB NB HH MFH NH LH 
no. d 
; 16 905 197 140 133 36 46 из їп 51 20 
AEN 803 957 205 137 131 41 46 119 113 32 
8 1769 820 1046 185 136 127 41 43 119 116 31 25 
9 1634 767 884 196 147 140 37 44 115 115 50 27 
10 1727 792 947 200 146 142 36 47 125 129 32 28 
т 856 777 912 190 149 141 37 46 124 їз 50 
IE E. 701 903 189 141 126 37 43 120 110 49 
13 1633 833 


109 51 
104 50 
8 117 51 


761 863 186 142 132 39 45 


12 
12 
781 941 187 142 131 34 42 12 
11 
810 917 183 147 144 41 43 11 


783 927 192 145 136 30 44 114 


112 48 26 
17 1622 849 709 878 181 147 131 37 41 120 113 50 25 
18 1666 857 viz 7913. 188. 139 180 89 44 по 115 48 25 
19 1612 828 749.981. 150 197 1% S8. 48 115 155 су 24 
20 1661 848 , OOS TY Mg, 195, 37 149 TD 10 sp 50 
21 1860. 788! 518 700 881 187 141 aT 91 49 111 109 46 23 
22 1621 824 547 697 848 192 140 130 37 42 119 108 45 95 
28 1670 824 536 755 914 195 147 126 38 42 123 114 45 27 
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MISCELLANEOUS 


SCIENCE AND NATIONAL PLANNING* 


By Р.С. MAHALANOBIS 
Indian Statistical Institute, Calcutta 


INTRODUCTION 


1. In recent years the Anniversary Meeting is being held sep: rately from the 
Annual Meeting ; and the tradition has been for the President to select a subject for the 
Anniversary Address from some branch of science of which he is a student and give a 
general review acceptable to other scientists. As I cannot claim to have specialized 
knowledge of any particular subject, I looked at the Presidential Addresses of some of 
my distinguished predecessors for guidance. From the inauguration of the Institute in 
1935 I found a continuing concern with problems of organization of scientific research in 
India. The functions and responsibilities of the National Institute of Sciences have also 
been reviewed a number of times. Looking back I had the feeling that many of the 
problems are still with us in one form or another. 


2. In 1938, exactly 20 years ago, Meghnad Saha selected for the Presidential 


Address the “Problem of Indian Rivers," and pleaded for the initiation. of systematie 
Studies to lay a scientific foundation for flood control, irrigation, and navigation. He 
also gave a full discussion of benefits which would accrue by generation of cheap 
electrical power out of the energy of running water. He had mentioned at that time: 

This is a subject which is just beginning in India but its importance has not been 
Properly realized.” He referred to poverty and unemployment; and asserted that 

industrialization [was] the only solution of the poverty problem.” He also referred 
to planning in Russia, and pointed out that “when the Supreme Council of the Soviet 
adopted Lenin’s resolution for the electrification of the country, it was the USSR Aca- 
demy of Sciences, and not a committee of bureaucrats which was requested to give à 
Plan. He concluded his address with the following words : 


“Tf we desire to fight successfully the scourge of poverty and want from 
which 90 percent of our countrymen are suffering, and lay the foundation 
of a strong and progressive national life, we must make the fullest use of the 
power which a knowledge of Nature has given us. We raus rebuild our 
economie system by utilizing the resources of our land, harnessing the energy 
of our rivers, prospecting for the riches hidden under the bowels of the earth, 
reclaiming deserts and swamps, conquering the barriers of distance and above 
all, we must mould anew the nature of man in both individual and goial 
aspects, so that a richer, more harmonious and happier race may live in this 
great and ancient land of ours.” 

3. The picture in the mind of the scientist twenty years ago has ei 
become real in the great river valley schemes of India. This is the task of the scientists, 
to formulate the shape of things to come, not as wishful thinking but based on the 


= = HS i ident, Professor 
Pig *Anniversary Addross at tho National Institute of Sciences of India by the Preside 


Mahalanobis on 5 January 1958. 
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i ith the methods of science. The two 
۲ е and worked out in accordance wit і ма 
але pe EE and unemployment, mentioned by Saha still remain as acute E 
gm "The aly zc out is through rapid industrial development based on science anc 
er. і 
еа I feel this is an appropriate subject for my address. 


“SPUTNIK” 


4. On the 4th of October, 1957, an artificial satellite “Spuri” was онц 
by USSR followed in а month's time by a second aad bigger one carrying a ма e 
We received this news when our Council was in session; and on the б big iih 
the desire of the Fellows of the Institute assembled lu the Annual Meeting, we sent a 
message of congratulation to the USSR Academy of Sciences. 


5. The way to outer space beyond the earth's atmosphere was thus opened for the 
first time. It is a great triumph of science. Epochs of history can no longer be demar- 
cated in terms of dynasties or of war between nations but must be thought of in terms of 
the progress of science and technology. 


6. The upsurge of science in what we call the West (that is, in the countries 
of Europe and North America) led to the industrial revolution characterized. by the use 
of machinery driven by steam, and later by electricity, for the production of goods, and 
brought about a rapidly increasing level of living in the industrially advanced countries 
during the last 100 or 150 years. This increase in industrial production gave the West 
its superiority in armaments; and brought practically the whole world under its domi- 
nation. Striking developments occurred during the last fifteen years. Atomic energy 
(for bombs and for electricity), high-speed rockets, guided missiles and satellites have been 
developed and have great dangers. They also have much of promise for the future, if we 
do not get involved in a suicidal nuclear war. 


7. As scientists, it is very much our concern to understand the significance 
of recent events. Russia was practically an underdeveloped country at the time of the 
Revolution forty years ago. The launching of the “Sputnik” 
possible only because of the revolutionary progress of science 
in the course of one single generation. In Russia, as in all other industrialized countries 
of the world, scientific research and industrial production have been closely coupled; 
progress of one has been both cause and effect of an advance of the other. It is this 
integrated advance of science and industry which has made it possible for USSR to 
attain its present leading position in the whole world. 


from this country became 
and technology in Russia 


SCIENTIFIC RESEARCH AND ECONOMIC DEVELOPMENT 


8. In all industrialized countries we find a close associati 
tion given to scientific education and research and the rate of 
production and, hence, of the improvement in the Standard of livin 
nuclear Powers, UK, USA and USSR, and also two underdevel, 
and India, which have the two biggest populations in the world ani 
ces. Table 1 shows the population, production of steel, and ou 
in these five countries. The equivalent total energy in terms of 
given in col. (7) which includes all forms of commercial energy bu 
wood and dung. In Table 2, col. (3) gives the per 


on between the atten- 
inerease of industrial 
g. Consider the three 
oped countries, China 
d much natural resour- 
tput of energy in 1955 
million tons of coal is 
t does not include fuel 
capita national income at 1955 
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prices in the currency of the country concerned; col. (4) the per capita production of steel 
in kilograms; and col. (5) the total commercial energy in equivalent kilowatt hours. 
Approximate data on expenditure on scientific research are given in cols. (6), (7) and (8). 
The actual expenditure (expressed in rupees at official rates of exchange) is given in col. 
(6); and is shown as a percentage of the national income in col. (7). Finally, the expendi- 
ture on research per person is shown in col. (8). Sources are mentioned briefly in the 
footnotes to the Tables; and more detailed information and comments are given in two 
Statistical Notes (1) and (2) at the end of the Address. 


TABLE l. POPULATION AND PRODUCTION OF STEEL AND ENERGY : 1955 
eer 7 —2T 


energy 
country popula- olectri- stool coal oil (all forms) 
tion in city (ingots) in terms 
million of coal 
a (1) 2) (3) (4) (5) (6) (7) 
Ik авчи MOTION tens e eee SEER унга 
USA 165 629 106.2 448 336 1364 
USSR 200 170 45.3 276 71 442 
UK 51 94 20.1 225 0.15 249 
China 608 12.1 2.9 93 0.79 96 
India 382 8.5 LoT 39 0.29 45 
Sources: All the figures except population in China are taken from tho UN Statistical Year 
Book, 1956: 


population, pp. 21-36; steol, pp. 261—262; coal, pp. 138-140; oil, pp. 143-144; electricity. 
Р. 290-294 and energy (all forms), pp. 308-310. Tho figure for oil in China relates to 1954. Tho Chinese 
Population figure is takon from statistics preparod by the State Statistical Bureau of tho People's 
Ropublie of China (in Chineso). 


TABLE 2. ECONOMIC DEVELOPMENT AND EXPENDITURE ON RESEARCH : 1955 


estimates per person por year approximate expenditure on 
research 
country 
national income steel energy actual p.e. of per 
—————— ingots (all forms) national person 
— unit amount income 
un Q) (3) (4) (5) (6) (7) (8) 
U kg kwh Rs. crore 96 Rs. 
inia $ 2000 644 13,753 2550 1.8 154 
USSR roubles 5000 226 3,367 2200 1.8 110 
* £ 300 394 8,118 430 2.1 85 
China yuan. 135 4.8 267 65 0.4 1 
India Rs. 250 4.5 200 15 0.15 0.38 
T Sources; Figures in col. (3) are derived from the Statistics of National Income and. Expenditure, 
| N Statistica] Paper, Series Н, Мо. 10, for USA апа UK; Economic Bulletin of Europe, May, 1957, 
9r USSR; ‘statistics prepared by the State Statistical Bureau of the People’s Republic of China, for 
China; and Es 


timates of National Income, 1948-49—1955-56, Government of India, for India. Figures 
(5) are derived from Table 1. Figures in column (6) are collected from miscellaneous 


Sources indicated in Statistical Note (2) at the end while figures in cols. (7) & (8) are derived from the 
figuros in col, (6) and those in Table 1. 


in cols, (4) & 
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9. The estimates are admittedly approximate and there are well-known ые 
in international comparisons of income and expenditure. Prices ag tha structure 5 a = 
e widely from one country to another. Gorteepts and definitions hin in 2 EE 
countries are often different. For example, the American igure for: ехреланицв оп Hen E 
includes industries. It is possible that research вап рш in industrial concerns s pai 
included in the Russian figure. Nevertheless some striking contrasts come out clearly in 
Table 2. 


10. The three great powers have the highest per capita income, energy, steel 


and expenditure on research. China is way behind but has already outstripped Indis 
in all items, although only a few years ago China was less developed than India. 
Expenditure on research is Rs. 65 crore in China. compared to Rs. 15 crore in India, d 
more than four times higher. As a fraction of national income, China spends 0.4 ee 
which is nearly three times higher than the Indian figure of 0.15 percent. The “per 
person” expenditure in China is Rs. 1.1 per year which is again three times higher ya 
the Indian expenditure of Rs. 0.38 per year. In 1943 Dr. J. C. Ghosh in his Presidential 
Address to the National Tustitute had raised the slogan of “опе percent of the national 
income per year for scientific research." The three advanced countries are spending 
nearly twice as much at present; and China has almost achieved half the target while, 
after 15 years, India has gone only one-sixth of the way. 


1l. Table 3 shows the available number and the out-turn, of engineers and 
doctors in the five countries. Col. (2) gives the population in million to serve as а basis 
for comparison; cols. (3), (5), (7) and (9) give the years of reference. Col. (4) shows 
the estimated number of engineers available (in thousands) and col. (6) the annual 
out-turn (in thousands). In the three advanced countries the out-turn figures refer to 
training at University level; in China and India the figures include both graduates and 
diploma-holders. Col. (8) gives the available number of doctors (in thousands), and со]. 
(10) the annual out-turn (in thousands); the out-turn figures refer to gr 


countries. The corresponding numbers per million of the 
lower half of the table. 


aduates in all 
population are given in the 


12. The three advanced countries have much higher numbers of both “available” 
and “out-turn” of engineering and medical personnel. USSR has established a definite lead 
over both USA and UK; the actual number and proportionate out-turn of both engineers 
and doctors in USSR are more than double those of USA. This indicates a striking 
superiority in technical man-power, the effect of which is bound to be felt in an 
increasing measure in future. Scientific and technical man-power requires a longer period 
of maturing than basic heavy industries. In this respect USSR now occupies, beyond 
dispute, the leading position in the world. It is reasonable to infer that this lead has 
some connexion with the launching of the “Sputnik.” 


13. China and India are much behind the more advanced countries. The 
available number of engineers and doctors are roughly of the same order in both China 
and India but China still has appreciably fewer than India on a 
132 engineers per million of the Chinese population against 1 
the Indian population with 116 and 183 per million as the 
doctors. It must be remembered that engineering and medic 


population basis, namely, 
88 engineers per million of 
corresponding figures for 
al education of the modern 
буре had started several decades earlier in India. China, however, has left India behind 
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in the out-turn of both engineers and doctors. The number of engineers coming out 
every year is 30.9 per million in China ог 60 percent greater than the Indian out-turn 
of 18.4 per million in 1955. As regards doctors, the out-turn of China is 11.2 per million 
against 8.1 per million of India, or 40 percent greater. 


TABLE 3. NUMBER AND ANNUAL OUT-TURN OF ENGINEERS AND DOCTORS 


Lo MUS . ——ꝛñ— . оный pp 


ongineers doctors 
1955 - p 
country popu- total annual total annual 
pr available out-turn . nvailable out-turn 
year number year number year number year number 
(000) (000) (000) (000) 
(1) (2 i (3) (4) (6) (7) (8) (9) (10) 
USA 165 1950 518.8 26.0 218.1 1955 U 
USSR 200 1956 721.0 71.0 299.0 1956 20.0 
UK 51 1956 78.5 2.8 85.0 1952-3" 1.9 
China 608 1955 80.2 18.8 70:8... 1955 6.8 
India 382 1955 71.9 7.0 1955-6 70.0 1054 " 57 
--numbor of persons per million of population.... " 
USA 3144 158.0 1322 42.5 
USSR 3605 1495 100.0 
UK 1539 1674 37.3 
China 132 116 11.2 
India 188 183 " 8.1 


Sources: given in Statistical Note (3) at the end of the Address. 


14. With the rapid expansion of scientific and technical man-power and of scientific 
research in USSR there has also been a rapid expansion in the industrial production of the 
country. The expansion of scientific and technical man-power and of scientific research, 
9n one hand, and rapid increase of industrial production, on the other, are but two aspects 
of the same transformation. USSR and China (and India) have large natural resources which 
бап be utilized for the benefit of the men who live in these countries. Such utilization or 
*Xploitation of natural resources can be done only with the help of scientists, engineers, 
and technical personnel. It is clear that scientific research and availability of scientific 
and technical personnel are the important factors in the economic development and 


КП : i i ih ; 
Power” of nations, however it may be measured. It is also clear that India is lagging 
9 рг 
ery much behind in these respects. 


5 1 Duo to dostruction of 
200,000 tons in 1920 but ros 
dostructio 


stool factorios during tho civil war, tho production of steel had fallon 
o to 18.3 million tons in 1940; dropped to 12.3 million tons in 1945 due 
n during tho war; and rose to 45.3 million tons in 1955 with a target of 68.3 million tons 


in 
1960, Output of black coal (in million tons) incroasod from 99.4 in 1945 to 276.1 million tons in 1955 


an i 
| na has a targot of about 415 million tons in 1960. 
kilowatt hour 


Ineroaso in the 


to 


Tho output of electricity in billion (thousand million) 
roso from 43.3 in 1945 to 170.1 in 1955 with a targot of 320 bkwh in 1960. The rate of 
USSR is far higher than that achioved in tho USA, UK, or West Europo. 
fien Te oon also: tho rato of dovolopment has boon very rapid sinco the boginning e the Dru 
® od hs an m ag: Production of steol (in million tons) rose from 1.8 in 1953 to 5.2 in 1957 us 
1988 70 e possibly, 15 million tons in 1962. Production of coal (in million tons) 5 оа er in 
оын и m 1957 and has a target of about 200 million tons іп 1962. The output of eloctricity (in billion 
abt hour) increased from 9 in 1953 to 19 in 1957 with a targot of about 43 in 1962. (АП figures 


havı 
© beon takon from official Chinese sources). 
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ECONOMIC AND SOCIAL CONDITIONS IN INDIA 
Consumer Expenditure 


15. The two great problems of India are poverty and unemployment which are 
but two aspects of economie stagnation and under-development. Since 1950 the National 
Sample Survey (NSS) has been. collecting information on social and economie conditions 
in both rural and urban areas of India. Some of this material has been given in the 
Statistical Appendix from which much interesting and significant information can be 
obtained. I shall give a few selected examples. 


16. The following Table 4 gives in cols. (1) to (4) information on the total 
consumer expenditure for the whole of India (rural and urban, excluding Jammu & 
Kashmir) during the period December 1955 to May 1956. Cols. (1) and (3) give the 


TABLE 4. DISTRIBUTION BY SIZE OF (a) CONSUMER EXPENDITURE : 1955-56 
AND (b) LANDHOLDINGS (1953-54) : ALL-INDIA 


by total consumer expenditure in rupees 
per person per 30 days! 


— 
by size of land-holdings in acres? 


percent limit of percent limit of 


f 1 percent limit of percent limit of 
of popu- expendi- of popu- expendi- 


of house- size of of house- size of 


lation ture in lation ture in holds land- holds land- 
rupees rupees holdings holdings 
(1) (2) (3) (4) (5) (6) (7) (8) 
upto less than upto less than upto less than upto less than 
1. 5p.c. Rs. 3.2 55 p.e. Rs. 15.7 5 p..  0.2aere 55p.c. 4.0 acre 
2. 10» » 6.2 60 „ » 16.9 Ws 0.5 „ 60 „ X ж 
Be | LO 5 » 8.4 65 „ » 18.4 15 „ DU us GB 5, 5.7 „ 
4. 20 „ „ 9.8 10 „ » 20.0 20 » 1.0 „ 70 „ 6.6 y 
Br. 25 „ „бф TB „ 55 222 Dp „ Jj ay CH & FO 
б Оо» 10.9 80 „ „ 24.9 80 sy om 80 „ Ө, 
Л BO) E „Лб 85 „ „28.6 96 4 2.0 „ $88 „ 196, 
B WO „о „ O 90 „ „ 35.8 40 „ 2.4 „ 90 , 16.2 „ 
9. 45 , „13.4 95 „ „44.2 45 „ 2.8 „ 95 „ 26.0 „ 
10. 50 „ » 14.6 60 „ 3:8 ss 
—. : 2 


percentage of the population, and cols. (2) and (4) 


the limiting expenditure in rupees per 
person per 30 days. pees pe 


17. It will be seen from the first line that 5 


percent of the population or uf 
20 million spend less than Rs. 3.2 je ine that 10 


per person per month; and from the second lino that 10 
percent or more than 38 million people spend Rs, 6.2 per head per month. From the 
bottom line of col. (2), we find that 50 percent or half of our countrymen nearly 200 million 
in number, live on Rs. 14.6 per month or less than half a. rupee per day? per person. It 


would be also seen that even 90 percent of the population spend less than Rs, 35.8 per 


1 Based on National Sample Survey (NSS) : 
(rural and urban) excluding Jammu & Kashmir. 

2 Based on National Sample Survey (NSS) : 
area only. 


3 One rupee is about 21 US cents and 1 shilling 6 penco in British currency 


10th Round, December 1955—May 1956, All-India 


8th Round, July 1954—March 1955, All-India rural 
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month or just over a rupee a day. That is, only about 10 or 11 percent of the population 
of India can spend more than one rupee а day. This would give some idea of the poverty 
in which our countrymen have to live. 


18. Many other facts regarding conditions of living can be found from the 
Appendix Tables A.1.0, A.l.l, and А12. The rich actually spend more on food- 
grains but proportionally less in relation to their total expenditure as ean be seen 
from Table A.l.l. However, both actual and proportional expenditures on sugar, milk 
and milk-produets, and clothing are relatively much higher among the rich, showing 
that these are essentially luxury items. It is interesting to observe that medical care 
is apparently the greatest luxury; the poor can have very little of it, and medical 
expenses go up very steeply as the level of expenditure increases. 


Land owned by Households 


19. Similar estimates are given in cols. (5) to (8) of the same Table 4 in 
respect of the size of the holding of lands in acres owned by any assigned percentage of 
households who own 0.1 aere or more of land. (Households owning less than 0.1 acre 
Were omitted to exclude landless labour and non-agricultural households). It is seen from 


this table that 20 percent, or one-fifth of the households, have 1 acre or less; fifty 
percent have less than 3.3 acre; 


75 pereent have less than 7.9 aere; and 90 percent 
less than 16.2 acre, 


Most of the households in the rural area own very little land. 


TABLE 5. CONCENTRATION CURVES OF (a) CONSUMER EXPENDITURE: 
1955-56: AND (b) LAND OWNED BY HOUSEHOLDS 1953-54: ALL-INDIA 
— — 4 ͤ ——é— 


consumer expendi- total land owned by 
(a) persons ture on all items by households 
persons from from 


or 
(b) households 


bottom (0) top (100% bottom (0) top (100%) 


(1) (2) (3) (4) (5) 
e Se SR NUR аө e Җа Ж cumulative регсеп{адез.................... 

l upto 5 p.e. 1.5 18.2 0.2 34.2 
2 Їй 8.5 28.8 0.4 48.8 
3 15 „ 5.2 36.6 0.9 58.6 
4 20 s, 7.6 44.0 1.5 66.5 
5 25 „ 10.1 49.9 2.3 72.5 
6 30 „ 12.8 55.3 3.1 77.5 
7 35 „ 15.5 60.5 4.6 81.0 
8 40 ,, 18.8 65. 6.2 84.6 
9 45 „ 22.3 70.0 8:1 87.5 
10 50 „ 96.1 73.9 10.5 89.5 


20. 'The disparity 
from the concentr 
5 above. 
col, (1). 


between the rich and the poor can be seen more clearly 
ation curves shown in the accompanying chart and also from Table 
The percentage of the population or, alternatively, of households is shown in 
In each line, col. (2) shows what percentage of total expenditure (of the whole 
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POPULATION FOR CONSUMER EXPENDITURE 


HOUSENOLD FOR LAND HOLDINGS 


UMULATIVE PERCENTAGE of; 
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CONCENTRATION CURVES 
FOR CONSUMER EXPENDITURE AND LAND HOLDINGS 
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CURVE А: 


CUMULATIVE PERCENTAGE OF: POPULATION FOR CONSUMER EXPENDITURE 
: HOUSEHOLDS FOR LAND HOLDINGS 


BASED ON NATIONAL SAMPLE SURVEY ALL-INDIA 


(Two curves based respectively on two intorpenetrating samples 1 and 2 


; are 
shown for each concentration curvo to indicate the margin of sampling error.) 
ror, 


Distribution by expenditure on ‘all’ items in rupees 


CURVE B: Concentration curve for expenditure on ‘food’ items | 

CURVE ©: Concentration curve for expenditure on ‘non-food’ items f — ROUND 
CURVE D: Concentration curve for expenditure on ‘all’ items J PAESE dap) 
CURVE E: Concentration curve for land holdings l 8 

CURVE Е: Distribution by size of land holdings j th ROUND 
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population) is shared by the percentage of population from the bottom as given in col. 
(1) of the same line; col. (3) gives the share of the same percentage of persons but from 
the top. Thus, the lower 5 percent of the population of India share only 1.5 percent 
of the total consumer expenditure. while the top 5 percent of the population share 18.2 
percent of the total expenditure. We also find that while the lower 25 percent of the 
population share 10 percent of the total expenditure, the top 25 percent share 50 percent; 
and that the lower half has 26 percent while the upper half of the population share 
74 percent of the total expenditure. 


21. Similar estimates are given in cols. (4) and (5) of Table 5 in respect of 
the proportion of land owned by different percentages of households. The bottom 
5 percent own very little land, only about 0.2 percent or less, while the top 5 percent 
own 34 percent of all lands owned by households. In the same way, it can be seen that 
the bottom 20 percent have 1.5 percent against 66 percent of all lands owned by the 
top 20 percent. The lower half of households have 10 percent against 90 percent 
owned by the upper half. Disparities are much higher at the top. For example, 
the top one pereent of households owns approximately 13 percent of the total land; 
the top two percent nearly 21 percent; and the top five percent of households own 
30 percent or almost one-third of all lands owned by households. The concentration 
of landholdings is clearly much greater than that of household expenditure. 


Employment and Unemployment 


22. Some information on employment and unemployment is given in the 
Statistical Appendix, Tables A.3.1, A.3.2, and A.3.3. I should explain that there 
are great difficulties in adopting in India the concept of ‘unemployment’ used in the 
advanced countries of the world, where practically all gainfully employed persons receive 
wages and salaries or have earnings in money (except for time spent by members of a 
family on their own household work). It is, therefore, possible to specify in an objective 
manner whether a person is gainfully occupied or is out of work. There are, of course, 
technical difficulties of standardizing the definition of unemployment even in the 
Advanced countries but these aro not very serious. In an underdeveloped country 
like India, on the other hand, there is inevitably a great deal of ambiguity in 
defining unemployment in an objective manner. Much of the work in household 
enterprises, in both agriculture and cottage industries, is done by members of the 
household and is not paid for in money. Also, a large number of persons work on their 
Own account, such as weavers, tailors, carpenters, smiths, barbers, small store-keepers, ete. 
These people may have enough work to keep them busy the whole day; or they may 
have to sit idle for a part or most of the time; or may have practically no work in hand; 
and yet they can never be called technically “unemployed” in accordance with the 
Sencept used in the more advanced countries. The above considerations must be kept in 
mind in interpreting the information given in the Statistical Appendix based on the 
National Sample Survey covering about 24,700 houscholds in the 9th Round: 
May-August 1955, and eovering about 17,600 households in the 5th and 6th Rounds, 
December 1952-August 1953. It must also be remembered that all estimates, being 
based on sample surveys, have margins of errors of sampling. 


1 By interpolation from the tables. 
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23. Subject to these warnings, we may say broadly that about 160 million 
persons (or roughly 42 percent out of an estimated population of 382 million is 1955) 
were in the labour force, that is, were either engaged in work or were seeking work. 
Among them, 2.2 million were "unemployed" in the technical sense of the advanced 
countries [Table A.3.1]. which, however, has no clear meaning in India. In fact, only 
about 13 million persons, who work under Government and public authorities or in 
private organized large scale enterprises, have employment of the type usual in the 
advanced countries [Table A.3.2]. The technical concept of “unemployment” сап 
be strictly used only in the case of these 13 million persons (out of a total labour 
force of 160 million), but is not applicable to the remaining 147 million who work 
in household or small scale enterprises. 

24. In an underdeveloped country it is, therefore, necessary to consider how 
many persons have to sit idle a part or most of the time for lack of work and other 
economie reasons. From the information collected by the NSS it would seem that 
nearly 20 million persons normally work one hour or less per day, 27 million work 
two hours or less per day, and nearly 45 million persons are engaged in gainful work for 4 
hours a day or less [Table A.3.1, portion B.2]. In NSS, 5th and 6th Rounds: December 
1952-March 1953, it was found that nearly 30 million persons have gainful work for less 
than 5 days in the month, 39 million less than 10 days, and 53 million less than 15 days 
in the month [Table A.3.1, portion B.3]. In another enquiry, NSS: 7th Round, October 
1953-March 1954, it was found that about 45 million persons were working part-time. 
They were asked supplementary questions; and from the replies received it seems that 
among them about 10 million persons were not able to work full time partly on account 
of their own ill-health or on account of the illness of other members of the family; over 23 
million (or about half) gave reasons of an economie nature such as lack of demand for 
their labour, lack of tools and raw materials, slack and off season, еёс.; and 13 million 
gave other reasons. Finally, in NSS: 9th Round, in reply to a specific question, nearly 
12 million persons stated that they were seeking additional work and would be available 
for 4 hours of work or more per day. [Table A.3.1, portion B.1]. 


25. From the above account it would be seen that it is difficult to give à precise 
figure for unemployment or underemployment in India. The estimate would depend 
on which particular concept and definition is used to measure unemployment or under- 
employment. However, it may, perhaps, be broadly stated that there can be scarcely any 
doubt that 70 or 12 million persons are either unemployed im the technical sense of the 
more advanced countries or are severely underemployed. If consideration is extended to 


those who are sitting idle for more than half or two-thirds of their working time, {һе 
number would probably rise to 25 or 80 million persons. 


26. Some more specific information is available regarding unemployment among 
the educated defined as matriculates and persons having higher qualifications. Tt is 
estimated that their total number in 1955 was about 50 lakhs, out of which 4.7 lakhs (or 
9.4 percent) were unemployed, most probably in the technical sense of the term as being 
out of a job or seeking a job as in the more advanced countries. Tt must be remembered 
in this connexion that in 1955 just over 4 lakhs of candidates passed the matriculation 
examination, and the number is rising from year to year. There is already about 10 
percent unemployed among the educated class. The proportion is likely to increase considerably 
in future which would have grave social and political implications. 
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27. Ishall now briefly consider the question of trained personnel. Some informa- 
tion regarding the number of persons passing the matriculation examination and acquiring 
other general or professional qualifications every year from 1950 to 1955 is given in 
Appendix Table A.3.4. Much interesting information ean be obtained from this table. 
I shall make only a few brief observations. 


2g. There has been fairly rapid all round progress in numbers. The number of 
matrieulates inereased roughly from 1.89 lakhs in 1950 to just over 4 lakhs in 1955 or 
has doubled in 5 years. The rate of increase is about the same at other levels. It is 
also seen that the number of candidates passing the intermediate examination is roughly 
40 percent of the number who passed the matriculation examination two years earlier; 
the number taking the first degree is roughly 60 percent of the number who passed the 
intermediate examination two years earlier; and the number taking the master's degree is 
roughly one-fourth of the number who took the first degree, two years earlier. These are 
approximate statistical proportions whieh would vary considerably from year to year but 
can give some idea of the structure of general education. As a very rough rule, out of 
100 matrieulates in any given year about 40 would pass the intermediate two years later; 
24 would take the first degree after two more years; and 6 would take the master's 
degree two years later. 


29. It is of interest to make some comparisons on the basis of the number of 
literates in India which was about 63 million in 1955. 


The number of matriculates was 
thus about 5300 per million literates; and the number of first graduates about 900 per 
million literates in India. In contrast, the number of first graduates in UK is 450 per 
million literates or proportionately only half that of India. 


30. One gets a general impression that the number of students in the university 
stage is increasing quite fast and is roughly doubling every five years. The rate of 
increase in the number of science students is, however, much smaller at all stages and the 
rate of increase of science students is also appreciably smaller than arts students at the 
Intermediate and degree levels and is roughly the same at the stage of the master’s degree. 


The position is thus not satisfactory from the point of view of scientific and technical 
man-power, 


31. The fact that the “proportion of graduates to literates" in India seems to be 
roughly double that of the UK makes it possible that education at the university level in 
India is expanding in quantity at the cost of quality. This, I believe, is also the general 
Impression among my scientific colleagues. It raises some serious questions. It is true 
that when there isa large increase in the number of students, the average quality would 
usually decrease. Tt is doubtful, however, whether this has been the only reason. We 
Are aware that a very large number of natural and social scientists were appointed 
during World War II, and are still being appointed in Government posts at salaries 
much higher than those that can be offered by universities and. scientific institutions. 
m consequence there is a great shortage of competent and experienced teachers in the 
Universities. The expenditure on laboratories and scientific equipment has not kept 
pace with the expansion in the number of students and is extremely small in comparison 


with needs. The syllabus and courses of instruction are in many cases out of date. 
All this requires to be changed. 
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Science Teaching 


32. Itis clear there cannot be any broad-based advance of science and scientific 
research in India without making university teaching more efficient and more oriented to 
present needs than at present. With this problem is linked the question of efficiency of 
science education in the top classes of secondary schools, to which I shall merely draw your 
attention but which I have no time to consider. It is necessary indeed to formulate a 
comprehensive scheme of science teaching, from the upper classes of secondary schools 
upto post-graduate teaching in the universities, and implement the same, in order to lay 
a sound foundation for science in India. The scientists have a very special responsibility 
in this matter. It is true, of course, that it would be necessary for Government to make 
important decisions of policy and to provide adequate funds. But, on the technieal side, 
improvements in science teaching and research can be brought about only through 
vigorous and untiring efforts of scientists themselves. They have a triple task. They 
must take the initiative in formulating, at a concrete level and step by step, programme 
for the improvement of science teaching and research; and, secondly, persuade Govern- 
ment to take appropriate action in financial and policy matters. Thirdly, scientists 
should start doing whatever they can on their own; and then, as and to the extent 
Government support begins to be available, make the best use of such support for the 
promotion of science in India. 


SCIENTIFIC AND TECHNICAL MAN-POWER 


33. It is generally agreed that India would require a rapidly increasing number 
of scientists, engineers, and technologists in future. It is necessary therefore to attract а 
sufficient number of young men of ability to take up science as a career. The only way 
is to offer adequate economie and social incentives. Consider the position їп the ad- 
vanced countries of the world. USSR has established a definite lead over all other coun- 
tries in scientific and technical personnel. Professors and research scientists, as a group, 
get the highest salary and have the highest status in USSR. The Academicians (members 
of the Academy of Sciences) have a life pension of 5000 roubles (half of which would 
accrue to a surviving widow) in addition to the salary of the post. It is being increas- 
ingly realized all over the world that it is this high social appreciation of scientists which 
is the real secret of the rapid advancement of science in USSR. In USA, UK and 
other countries of Europe, professors and scientists have a high social status but the 
position is not as satisfactory as in USSR, which has become a matter of serious concern 
to these countries. 


34. The position of science professors and research scientists in India is most 
unsatisfactory compared to advanced countries. Scientists working in universities and in 
scientific institutions receive much less salary than scientists working under Government. 
Scientists in Government employment also are in an unsatisfactory position. As a group 
(with a few exceptions) scientists receive less pay and have lower status than administra- 
tive officers. Also, scientists have very little say in the making of decisions in Govern- 
ment. An urgent requirement for the advancement of science in India is to remove such 


disparities. 
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SCIENTIFIC SOCIETIES AND PLANNING 


35. I should now like to draw attention to another problem which is likely 
to become increasingly serious in future. In the Western countries scientific research 
and science teaching had developed at first in the universities, and later, in connexion with 
research in industry independently of Government control. From the 17th century 
many scientific societies and institutions were established in the countries of the West 
for the promotion of science and scientific research. More recently Government began 
to:sanetion large grants for scientific research. In most countries the largest share of 
research funds now comes from Government. This has raised important questions 
of poliey in regard to Government control over scientific research. 


36. It is interesting to observe that in USSR an Academy of Sciences was 
established by the Communist Government at a very early date as an autonomous 
institution independent of the executive control of Government. The Academy has been 
given great responsibilities and supplied with adequate funds for a wide range of function- 
al activities in scientific research and the promotion of science. It maintains over one 
hundred. seientifie institutes spread over the country, and in 1957 had a total staff of 
50,000, of whom 12,000 were professional scientists and 4,000 professors. The point to 
be emphasized is that in all advanced countries of the world, in the West as well as in 
USSR, there are well established scientific societies with a great tradition of scientific 
thinking and criticism which are outside Government and which ean be relied upon to 
supply Government with independent advice in scientific matters. 


. 37. It seems to me that there is need in India of functional scientific 
institutions whieh would be outside Government but which would take up, by agreement 
with Government, such scientific work or research or promotion of science or the 
coordination of scientific activities as can be done conveniently and efficiently by a non- 
official agency with the help of a whole-time staff of competent and high level scientists. 
Scientists engaged on such “decentralized? research or scientific activities, on a whole- 
time salary basis, would be independent of Government. In this way it would be 
Possible to build up an organization or system of scientific thinking and criticisms which 
Would be able to render great service to Government by offering unbiased and indepen- 
dent views in scientific matters. There is great need of such advice in connexion with 
planning and in the appraisal of the progress of plan projects. 


38. To speak quite frankly, some of these ideas have come to mind, because Tam 
Dok satisfied with the present activities of the National Institute of Sciences. I feel scien- 
tists must, shoulder greater responsibilities in connexion with national planning. Coming 
together for occasional meetings is not enough. I should, therefore, like to see the 
National Institute of Sciences undertake assignments relating to planning for national 


a In USSR, China, and other socialized economies all expenses for research are provided by 
3overnment, In other countries also, scientific research is being increasingly financed by Government. 
Even in the USA, out of the total expenditure of $ 5.4 billion dollars ( = Rs. 2550 crore) in 1953, the 
Share of Government was highest and 52 percent. Industry came next with a contribution of 44 per- 
cent. The share of universities was only 3 percent and that of institutes only one percent. Of the 
total expenditure, tho biggest portion (72 percent) was spent by industrial concerns, 18 pereent by 
Government agencies, and only 9 percent by universities. It is interesting to note that of the money 
Spent on research by industry, 60 percent came from industry itself and 40 percent from Government. 
(Scientific American, November 1957, p. 47). 
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development which would be done in a systematic and painstaking way by a таре 
or part-time paid staff. I have a feeling that it is only through work at а ipe ev є 
that weshall be able to develop seriousness of purpose and a sense of responsibility i 
scientific matters of importance for national development. 


STRATEGY OF PLANNING IN INDIA 


39. The task of planning must be to improve continually the level of living, 
especially, of the 95 percent of the population who аге poor, and to quante enough new 
employments to get rid of the fear of unemployment. It has been recognized for » long 
time that this can be done only through rapid industrial development. As India has 
plenty of iron ore, coal, bauxite, etc., the key to industrialization lies in establishing the 
manufacture of heavy machinery, heavy electrical equipment (turbines, generators, 
switch and transmission gear), and machine tools. Once this is done, everything else 
can be gradually manufactured in India mostly out of domestic re 
more machinery becomes available, it would be possible 
ment and continually to construct more machinery and expand the production of 
coal and electricity; steel and aluminium ; fertilizers, cement and heavy chemicals; 
equipment for transport and communicatio 
produce more and more consumer good. 


sources. As more and 
to create more and more employ- 


ns; scientific instruments, ete.; and, in this way, 
s and improve the level of living. 

40. It has to be accepted, in principle, that until sufficient machinery and tools 
become available, it is essential to utilize idle hands for the production of cloth, house- 
hold utensils and other consumer goods. This is for two reasons. Our greatest shortage 
is of machinery, while we have millions of unemployed persons sitting idle. Whatever 
machinery we can afford to import or manufacture within the country should be used 
to build up the basic industries which would produce more machinery, more steel, 
cement, fertilizers, electricity, etc. "That is, we must not waste our meagre resources of 
foreign exchange to import non-essen 
facture of consumer goods which 
idle hands to work. Expansion o 
employment all over the country, 
made by hand labour, 
of basic industries. 


4l. А third point requires to be recognized. 
closely interlocked in India. Industrial development is not possible without an increasing 
supply of cheap food and raw materials. On the other hand 
of land, basie improvements in agriculture can be brought 
more fertilizers, more irrigation, and better methods of cultivation 
have to depend on large scale industrial development, 
good deal can and must be achieved by intensive cultiv. 
improving conditions of living in rural 


tial consumer goods, or machinery for the manu- 
can be produced within the country by putting 


f small scale and village industries would ereate 
increase the supply of cloth 


and other consumer goods 
and improve the level of liv 


ing without hampering the expansion 


Agriculture and industry are 


‚ in India, owing to scarcity 
about only through the use of 
all of which would 

However, in the short run, & 


ation of land by hand and by 
areas through community projects, land reform, con- 


solidation of holdings, village cooperatives, etc. 

42. This brings us to the fourth point, na 
proceed at two different and clearly distinguishable 
with questions of large scale industrial 


mely, that planning 
levels or spheres, 
development which can be, 
every country by a small group of persons at the top. 


in India must 
One is concerned 
and are, decided in 
For example, the decision in 1949 
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to instal a million-ton steel plant, its reversal in 1950, and fresh decisions in 1953 and 
1954 to expand steel production by 3 or 4 million tons were all taken by the Government 
of India without any consultations with the general public. It is proper for Government 
to make such decisions. Tt is also possible to implement the decisions without any 
difficulty as it would involve only à small number of persons. 


13. The position is entirely different in agriculture or in small scale and hand 
production whieh involve millions of households scattered over a very big country. 
Consider consolidation of holdings or village cooperatives. It is necessary, of course 
for Government to make policy decisions; but this by itself would not be sufficient 
because the implementation would depend on securing the willing cooperation or at 
least the concurrence of millions of persons in the villages. In the beginning, the 
organization of agriculture and small scale production, which may be called the 
“diffuse” sector, would be far more difficult than establishing large scale industries. The 
approach must be through institutional changes, spread of education, improvement 
of communication, ete., and, above everything else, by carrying conviction to the 
masses that Government is doing its best for national development.  Suecess in 
establishing the basie industries would give Government inereasing control over the 
national economy. and thus plaee Government in a strong position to make steady 


Improvements in the diffuse sector and to secure the active support of the masses for 
national development. 


44. Basic industries are thus of crucial importance in two different ways. Firstly, 
these alone can give us economie independence. Secondly, these alone can place 
Government: in a position to make steady advance in the diffuse sector. The strategy of 
planning, therefore, requires the highest priority being given to the basic industries, 
namely, heavy machine building, heavy clectrical equipment, machine tools, fertilizers, 
Steel, cement, ete. 


The Question of Foreign Exchange 


45. It is true that, in the beginning, it is necessary for us to have both technical 
and financial help from outside-India. Professor P. M. S. Blackett, in his Presidential 
Address to the British Association for the Advancement of Science in September 1957 has 
Pointed out the importance of outside help to an underdeveloped country in getting it 
off on itg Way to economie development. He has also given an inspiring lead by stressing 
8 responsibility of the industrially advanced country in this matter from the world 
Point of view, T fully appreciate the need of external aid. 


46. I am also aware that grave difficulties have been created by the shortage 
x foreign exchange. A new approach was adopted in the Second Five Year Plan, and the 
Size of the Second Plan was intentionally made much bigger than that of the First. It is 
not surprising that mistakes have been made at the stage of transition from a small to a 
much bigger scale of planned economy. Techniques and tools of planning are not yet 
adequate and would have to be improved; and these questions are receiving the attention 
of Government and the Planning Commission. It would be appropriate, however, to 
examine the question of foreign exchange from the point of view of long-term planning. 


47. I shall give a numerieal example. Consider the question of foodgrains 
about which India is in a precarious position. From 1948 to 1953 we imported 19.3 million 
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tons of cereals at a cost of about Rs. 867 crore in 6 years, that is, at the seruo am 
dem 3.2 million tons at a cost of Rs. 145 crore per year! The average price paid 
oia P 

was about Rs. 450 per ton. 


48. 'The population of India is growing at the rate of, possibly, 5 million 
persons per year.* It takes roughly one ton of cereals to feed 7 persons. i de 
additional supply of 700,000 tons of foodgrains every year would be жеше to keep 
pace with the growth of population. If we decide to purchase this quantity from 


abroad, we would require every year an additional Rs. 30 cro: 
would amount to Rs. 


At this rate, an 


re of foreign exchange which 
150 crore in the course of one five-year pl 
at the present rate of growth of population). 


49. Consider the alternative method 0 
the production of cereals. 


an (and this, also, only 


f using imported fertilizers to increase 
One ton of ammonium sulphate, at a cost of about Rs. 250 
per ton, should normally give an additional yield of 2 or 2.2 tons of foodgrains. To give 
700,000 tons more of foodgrains, the quantity of ammonium sulphate required would 
be 350,000 tons, of which the price would be Rs. 8.75 crore or say Rs. 9 crore. This 
would be the additional &mount required every year; in the course of 5 years the total 
amount required would be Rs. 135 crore. 

50. A still better way would 
to produce 350,000 tons of ammonium 
The fixed investment would be about 
component would be only Rs. 10 crore. 
such factory would supply enough 
of one year. The total expenditure 
a total foreign exchange component 


be to instal every year a new fertilizer factory 
sulphate (roughly, like the factory at Sindri). 


Rs. 25 crore, of which the foreign exchange 


After the period of construction is over, each 
fertilizer to take care of the i 
in five years would be Rs. 12 
of only Rs. 50 crore.3 


БО one step further. 
ia, and, 


nerease of population 
5 erore with, however, 


51. It is possible to 


y worth Rs. 
ndri-type Plant) would thus call for 
Say, 15 crore with а foreign exchange component of 


foodgrains heavily from 1956, 


2 There is some evidence to indicate that the rate of 
high as 6 or even 7 million per year. Although 
extremely defective, the fall in the recorded 
on the National Sample Survey show high 


registration of birt} deaths is known to be 
death-rate is Probably real, Population ostimates based 
rates of growth in some of 


the rural areas, 
3 Besides this, there will, of course, be 
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The acti 08 setti i 

: aal cost. of setting up a fertilizer factory would be Rs. 25 erore per year or Rs. 125 
rore 5 vears - ig. үү i 1 d А 

те 1n 5 years ; but this would not involve any expenditure of foreign exchange. 


_ 82. То sum up, in order to feed the fresh additions to the population at the rate 
a 5 million persons per year, it would be necessary to provide an additional quantity of 
700,000 tons of foodgrains every year which would require Rs. 450 crore of ‘foreign ex- 
change over a period of five years. The cost can be reduced to Rs. 135 crore of foreign 
exchange in a 5-year period, if an additional quantity of 350,000 tons of ammonium sul- 
phate is ordered from abroad every year, at least two years in advance of the crop season. 
The cost can be further reduced to Rs. 125 crore (out of which the foreign exchange com- 
ponent would be Rs. 50 crore) over a five-year period, if a new fertilizer factory of 350,000 
ton capacity is started every year; this would call for decision 4 or 5 years ahead of the 
crop season concerned. The apportioned cost of a heavy machine building factory which 
would manufacture machinery in India to instal every year a new fertilizer factory of 
350,000 ton capacity! would be, however, so small as Rs. 12 or 15 crore with a foreign ex- 
change component of perhaps Rs. 8 or 10 crore. Such a decision would have to be made 
only once but 8 or 10 years in advance of the season in which the fertilizer would be used. 


. 53. The above account is, no doubt, over-simplified ; but it brings out clearly one 
Important point. In India it is of the greatest importance to take a long view of planning. 
Additional requirements of foodgrains to cope with the growth of population ean be met 
= an (apportioned) investment of only Rs. 15 or 20 crore and of foreign exchange of Rs. 
8 ux 10 crore, provided a decision can be made 8 or 10 years in advance of the year in 
Which the food would be consumed. If the decision is made 4 or 5 years in advance, the 
Sost would increase to Rs. 125 crore with a foreign exchange component of Rs. 50 crore. 
7 the decision is made a couple of years ahead, the cost would increase to Rs. 135 crore in 
“reign exchange to import fertilizers; and if the decision to import foodgrains is made 
oily from year to year the cost would go upto Rs. 450 crore in foreign exchange. Wise 
utilization of Rs, 10 crore of foreign exchange once for all can lead, in time, to a saving of 
Rs. 450 crore of foreign exchange in imports of foodgrains over a period of 5 years. 


54. Similar considerations hold good in other crucial sectors. An investment 
Dur ED RN including Rs. 29 crore of imported machinery, would be required to 
бат cae steel plant with a product value of Rs. 40 or 45 crore. A heavy 
renis d А * factory with an investment of Rs. 80 crore, with foreign imports worth 
the Жа. ү pisi, would ргойш@ every year machinery worth roughly Rs. 80 crore or 
nis “ts — 0 е л needed to set "p a million-ton steel plant. Once 
ten Ae ced factory gets into production, it would be possible to start a new 
5 a at : P ant every year eut of our nim. resources. Ап investment of Rs. 30 
Вз. 30 iub, : 0 MPa uis mining machinery would produce goods worth about 
е. 4 year. An investment = Rs. 100 crore in heavy electrical equipment 
горан , chgear, heavy motors, rectifiers, transformers, etc.) would give products of 

alue of about Rs. 70 crore per year; and so on. 


n T ^ m s = " 3 ета 
— There is great scope for the use of fertilizers in India ; some rolevant information is given in 
Statistical Notes on tho Uso of Fertilizers. 
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Need of Long-term Planning 


55. From the point of view of industrial development over a period of 15 or a 
ears there cannot be any doubt that the correct policy would be to establish the spi 
ы. industries. Consider, purely for purposes of шеша the following pro- 
gramme of investments with a rough value of the product given within brackets in cs 
case :—heavy machinery Rs. 150 crore (150 crore), heavy eledtiiunl equipment За | 
crore (70 crore), turbines Rs. 20 crore (12 crore), mining Шиир апа deg аннан 
Rs. 30 crore (30 crore), machinery for chemical engineering Rs. 25 crore (25 crore), шша 
tools! Rs. 30 crore (20 crore), aluminium Rs. 25 crore (5 crore), and, say, another Rs. ү 
crore for other basic industries giving a total investment of about Rs. 200 quus with 
foreign exchange requirements of the order of Rs. 300 crore over a period of five years. 
I am aware that foreign exchange would also be needed to 
facilities but provision has been already made for this 
ments in the Second Plan. 


expand transport and other 
and for steel and other invest- 


56. The point I am emphasizing is that Rs. 300 crore of foreign exchange in- 


vested in suitable basic industries over a period of 5 years would establish a sound founda- 
tion for future industrial development and would enable us to manufacture essential 
capital goods within the country. (I am not suggesting that we should reduce our imports. 
On the contrary, we should try continually to expand our foreign trade. But we must 
attain as soon as possible a position in which, if necessary, we shall be able to manage on 
our own in an emergency). We have made some real advance during the First Five Year 
Plan. It has been a very wise and farsighted decision to develop atomic energy, for which 
we have much natural resources. Dr. H. Bhabha has shown in a recent article? how great 
would be the benefit of atomic power electricity to Indian economy. Good progress is 
being made with steel. It is now necessary to make similar farsighted decisions to estab- 
lish the basic heavy industries. 
57. Ishould like to refer in this connexion to some 
Indian exports f.0.b. amounted to Rs. 597 crore in 1954-55; Rs. 
and Rs. 637 crore in 1956-57. Imports c.i.f. 
Rs. 684 crore, Rs. 757 crore, and Rs. 1077 crore. It would be noticed that the increase 
in imports in 1956-57 over 1955-56, that is, in one 
over 1955-54, that is, in two years was Rs. 393 cro 
account was Rs. 272 crore. Т may 
First Five Year Plan was nearly Rs. 
expected to be roughly double. It is in t 


recent trade statistics. 
641 crore in 1955-56; 
in these three years Were respectively 


outlay on the Second FYP is 
gures that one must 
300 crore of foreign exchange 
me into operation, there would 
ange in the import of capital 


to build up the basic industries. After the factories co. 
be a saving of Rs. 300 or Rs. 350 crore of foreign exch 


1 To give one example, it is worth mentionin s formed roughly 3 percent of 
industrial equipment (in value) over a long period i dg ae — 
machine tools would suffice for the manufaeture i i синче с з 
ment which, in its turn, would enable industrial inves 8 
crore per year basically out of our own resources, 
& Co., May 1948). 


? Science and Culture, October and November, 1957. 
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55. Finance and balance of payments are important aspects of planning; and 
there is no conflict between financial planning and physical planning. But it must be 
kept in mind that, in an underdeveloped country, the physical view is of basic importance. 
In one single year, 1956-57, our imports suddenly exceeded exports by Rs. 440 crore. 
If by some happy chance, Rs. 300 crore out of this amount had been utilized to 
purchase capital goods required to establish the basic industries, then in five year's time 
we would have won our economie independence and would have overcome difficulties of 
foreign exchange permanently. Although the accounting position would have been the 
Same, the real position would have been entirely different and ever so much better. 


Planning in China 


59. It is instructive to consider what happened in China. Mr. Li Hsien-nien, 
Vice-Premier and Minister of Finance of China, in his speech to the First National People’s 
Congress in Peking on 29 June 1957 (supplement to Hsinhua News Agency Release, Peking) 
stated that China has received foreign loans amounting to 2,174 million yuan (= 
Rs. 435 crore) before 1953, and 3120 yuan ( — Rs. 624 crore) for China's First Five Year 
Plan from 1953 to 1957. The total amount of the loan was thus Rs. 1059 crore. A good 
part of this was used for rehabilitation after the present Government came into power (as 
Stated by the Finance Minister); and a part, no doubt, was used for military expenses 
during the war in Korea. However, with the whole of the second loan of Rs. 624 crore 
and a part of the first loan China rapidly developed the basic industries (heavy 
machinery, heavy electricals, machine tools, steel, fertilizers, trucks, ete.) The Finance 
Minister of China appreciated the help received from USSR, but stated “we may say that 
we are now in a better position to rely on our own accumulation [i.e., investment] to carry 
on national construction.” (P. 5, col. 1). 


60. It is important to note that foreign credit had tapered off rapidly. In the 
Same speech the Finance Minister stated that foreign loans constituted 117 million yuan 
or Rs. 23.4 crore in 1956, and 23.3 million yuan or only Rs. 4.7 crore in 1957. China has 
a foreign trade which is roughly of the same size as India on a per capita basis. Although 
foreign loans would be of help and would make the task lighter, it seems that China will 
not have to worry about foreign exchange for essential requirements in future, and 
Would be able to manage, if necessary, on the trading surplus. 1% may be mentioned 
that India received about Rs. 200 crore of foreign assistance, roughly half in grants 
and half in loans, during the First Five Year Plan; and has 
of Teceiving at least Rs. 600 crore of foreign assistance during the Second Five Year 
Plan. India also had foreign assets (held by the Reserve Bank) to the extent of Rs. 
723 crore in 1951.52 and Rs. 746 crore in 1955-56 at the end of the First Five Year 


Р 48 ini i ition i : 
lan which China had lacked. The foreign exchange position in India was thus much 
more favourable. 


fairly firm authorization 


61. 


| In Chinese planning the highest priority was given to develop those basic 
industries wl 


hich would enable China to manufacture, within the country, essential capital 
goods required for rapid industrial development in future. Remembering that the Chinese 
economy is bigger than ours, it is of interest to note that China has “got off" on the 


way to industrialization out of its own resources with comparatively less foreign exchange 
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i i i x i ies for some 
than India. In contrast, India may continue to have foreign exchange difficultie 
onsiderable time to come in the absence of wise planning.! 
c 


62. The Chinese example merely corroborates what an objective scientific analysis 
d b ET. out, namely, that India could have built up, and can still build up, with 
à bela of only a few hundred crores of foreign exchange those basic industries which 
e 3 
would giye her economic independence. 


Selfconfidence and Economic Independence 


63. Itis our responsibility, as scientists, to work out the logie and tochniques of 
planning suited to India. It is our responsibility, as scientists, to educate and convince 
our countrymen that India is a great country with vast resources, natural and human. 
We have the responsibility to use these resources to improve the level of living of our 
countrymen and to promote science and culture. We should welcome foreign help and 
cooperation, especially, in science and technology and in cultural matters. Also, we 
must realize that it is not necessary continually to depend upon help from abroad. We 
must overcome the defeatist attitude which would make us continually ask for foreign 
loans. We must realize that political independence is not enongh; we must win economic 
independence. We have the ability and the responsibility to make rapid economic 


advance with our own resources, and with hard labour, scientific thinking, wise 


decisions, and seriousness of purpose. We must have faith in ourselves. 


1 The Indian Industrial Delegation which visited USA, Canada, 
other countries in Europe in September-November 
in its Report to the Federation of Indian Chambers 


— — 


UK, West Germany and 

1957, referring to foreign investments in Canada 
of Commerce and Industry, stated : 

"Eight hundred dollars per capita foreign investment means nearly Hs. 4,000 in Indian 

currency and at that rate and for such high development India should r 

(Rupees one lakh sixty thousand crore) of investment in India, of which at least one-third, 

viz., nearly Rs. 50,000 crore would have to bein foreign eurrency! This can only be a dream. 

The conclusion to draw is that India cannot be developed without foreign capital which we 

shall continue to need for at least the next 25 years and in substantially large amounts” (p. 27). 

This attitude of mind is in sharp contrast to the outlook in China wh 

bigger population than India, the national economy got off on the way to га 

with the help of foreign loans of only Rs. 1059 crore spread over 7 or 


require Rs. 1,60,000 crore 


ere, with a fifty percent 


pid economie dovelopmont 
8 years. 
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Statistical Notes 


Notes on Table 1: In Table 1 figures have been given in motrice tons. The Chinese 
Official estimate of population in 1955 has been given instead of the UN estimate. Electricity pro- 
duetion in China and India exeludes generation in enterprises for their own use. Figures of energy 
(all forms) presentod in col. (7) refer to the gross inland consumption of commercial fuels and water 
power, expressod in torms of coal equivalent. Production data include chiefly coal and lignite, gasoline, 
kerosene and fuel oils, natural gas, and hydro-electric power; electricity produced by using the above 
fuels has been oxcluded. No account has been taken of fuel wood and other vegetable fuels and peat 
for want of adequate data. These possibly provide a major share of the energy supply in all but a few 
countrios. In India, for example, a United Nations sourco (World Energy Supplies in Selected Years, 
1929-50) gives a figure for 1949 of about S4 million tons in coal equivalent of energy from such 
sources (mostly dung and fuel wood) compared to a figure of 35 million tons in coal equivalent for all 
commercial sources of energy quoted in Tablo 1. Thus we get a ratio between 2 and 3 to 1 between 
non-commercial and commercial sources in India. The corresponding figure for USA is only 1 is to 
20. For India, the percentage distribution of all energy may be given as: commercial energy (19%); 
Non-commorcial sources such as fuel wood, dung, ote. (44%); animal effort (3395) and human effort 
(496) with total ( = 100%). The UN publication used above did not include tho last two sources. 


Notes on Table 2. In Table 2 tho national income figure for USSR is calculated from an 
ostimato given in the Economic Bulletin for Europe, May, 1957 on tho assumption that one-third of the gross 
savings comprise deprociation. Other figures have been takon from sources referred to in tho footnote to 
tho table and have boon rounded off. Also, all the figures have been expressed in national currencies, 
Tho convorsion factors botween tho various currencies usod aro 1 $ = 4.75 Rs; 1 £ = 13.3 Rs.; 1 rouble 
= L2 Rs. and 1 Yuan = 2 Rs., at current official oxchango rates. The exchange rates and tho figures in 
col. (3) would give somo indication of the wide difference in the level of living between advanced and 
underdeveloped countries; any finer comparison between por capita incomes is fraught with grave 
dangors of orror because of structural dissimilarities in prices. 


А Tho por capita figures in Table 2, col. (4) aro obtained by using the output and population data 
irf Tablo 1, and figures in col. (5) are, directly derived from UN Statistical Year Book 1956 in torms of 
Coal oquivalents (p. 308—10); the conversion factor used being 1 ton of coal = 1667 kwh of energy. 


Groator difficulties aro associated with the derivation of the expenditure on research given in 
col. (6) because of inadequacy of information. Tho figure of $ 5.4 billion dollars used for USA relates 
to 1953 and is on tho basis of a report on Funds for Basic Research in the United States 1953 published by 


i National Science Foundation, USA; and also briefly reported in the Business Week. 
1: à 


The pe 


23 November 
It was noted that only about 8 percent of the amount is devoted to fundamental research. 


reontago for USA given in col. (7) is computod on tho basis of national income for 1953. 


The expenditure on scientific research in USSR is taken as 18.2 billion roubles on the basis 
ort in the Times of India of a message dated Moscow, 20 December 1957, which was later confirmed 
T communications. 


ofa төр 
in othe 


Tho expenditure on scientific research in tho UK is taken to be £325 million on the basis of 


an "ti “тү: * : H 
Wie ite Highly trained technical man-power in Western Europe,” Economic Bulletin for Europe, 
57. 1 


gau or rx used for supang aren in China is 327 million yuan ( = Rs. 65.4 crore approxi- 
55 AR e р ic sed of е 5 шше speech on the budget for 1957 (July 1957). It should 
ben аш at this expenditure is on пешу research propor and excludes a considerably larger figure 
SNP Y. ^ yuan = Rs. 127.4 crore) for higher education. However, wo havo to take cognizance of 

j at in China and USSR the definition of ‘science’ is wider and includes some of the social 
Sciences (economics, linguistics, history, otc., which aro not reckoned as science in Western countries) 
but excludes art, literature, etc. This would give a higher total figure for research in socialist countries. 


On We other hand, much of developmental research in engineering and technology is probably included 
under industries in socialist countries. 
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The figure for expenditure on scientific research in India has been arrived at on the — 
Government budget accounts and financial statements. Attempts haus been made to sende 5 
on highor education and certain promotional outlays ; but expenditure on research in social 855 sen 
such as economics and statistics has been included. No account, поме рк, has pean oS 5 
met oxclusively by bodies other than Government; but its magnitude is small in India. ne fig 
of Rs. 15 crore used is, at best, a dimensional estimate. 


Exact comparisons are not possible because the definition gF "scientific pu for iai 
and accounting purposes varies from one country to another. It is, in any case, disant to A S e 
research in applied science, in à precise and comparable way, from developmental Work in c Уш 
and technology. The figures given, however, give a broad idea of the position in tho differont 8 


Notes on Table 3. USA: Data on available number of engineers and doctors as well as 
the figure of annual out-turn of doctors are taken from the Statistical abstract of USA, 1957. Tho 
figure for annual out-turn of engineers is quoted from “Trained Man-power, USA vs. USSR,” Monthly 
Review, New York, April 1957. 


USSR: Regarding engineers, both the figures are based on Soviet official statistics 


(in Russian). The figure of number of doctors available is taken from the English language publication, 


National Economy of USSR : Statistical Returns, while the out-turn figure is from the USSR Reference 
Book, November 1957. 


UK: Both the figures for engineers are taken from “Highly trained technical man-power 
in Western Europe," Heonomic Bulletin for Europe, May 1957. The 
Medical Association, 1955-56 (Supplement to the British Medical Journal, April 7, 1956) gives the total 
membership of the Association as 68,306 in March 1956 and states 


that this number represents 80% 
of the total number in the profession ; the available number of doctors is estimated on this basis. 


The figure of annual output is obtained from G.D.H. Cole: Post-War Condition in Britain, 1956. 


China: All the figures are based on the statistical 
prepared by the State Statistical Bureau (in Chinese). 
of engineers in 1952 


Annual Report of the British 


returns for the People’s Republic of China 
However, a base figure of the available number 
has been taken from Solomon Adler: Chinese Economy. 

India: The out-turn figures are based on 
number of engineers is taken from Man-power 
Distribution 1955, (Planning Commission, 
available in the Planning Commission. 


the Educational Statistics of India. The available 
Studies No. 5: Engineers in India: Number and 
October 1957). The number of doctors is based on information 


Notes on the Use of Fertilizers : In a roviow by tho Indian Council of Agricultural Research. 
on “The Use of Fertilizers on Foodgrains’1 the response, standardized to 20 Ibs. N ( = 100 Ibs. of 
sulphate of ammonia) per aere, was given as 3.4 maunds (or 


(or 230 lbs.) of wheat por acre, and between 1.7 and 3.1 maunds (140 Ibs. and 255 Ibs.) of othor cereals - 
per acre . For paddy the water supply was presumably adequate. Experiments wore reported for whoat 
from both irrigated and unirrigated crops; tho response on unirrigatod land was 1.7 maunds (140 Ibs.) 
per acre compared to 2.8 maunds (230 Ibs.) per aero on irrigated land. Tho authors pointed out that 
"when the total supply of fortilizer is severely limited, tho greatest natural benefit will accrue 
rea of crop rather than heavy dressings on a small part of 


the area. ....The first stop....is to ensure that availablo supplies aro distributed over a large 
area of potentially responsive land; the second stop is to incroaso supplies so that all aroas likely 


to benefit considerably can have a small drossing; only thirdly doos tho incroaso of dressings to optimal 


274 Ibs.) of rico por acro, 2.8 maunds 


levels become a desirable national policy” (p. 14). 


Tho authors concluded that nitrogen responso of 2.5 maunds ( = 206 Ibs.) of grains per acro from 
20 Ibs. N per acre ( = 100 Ibs.sulphate of ammonia) was “a reasonably representative figure for all coreals” 


(p. 15). t 


1 By F. Yates, D. Finney and V. G. Panse : I. C. A. R. Roso: 


arch Series No. 1, 1953. 
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From information supplied by I. C. &. R. for a later (T. C. I.) series of fiold trials on rice and irrigated 
wheat conducted during tho three years 1953-54 to 19 


56 at community project centres distributed 
over tho wholo country, it appears that the nitrogon responso for a first dose of 20 Ibs. of nitrogen por acre 
was about З maunds (247 Ibs.) of both rico and wheat por acre; and for a dose of 40 lbs. of nitrogen per 
acro the response was 4.5 maunds (370 Ibs.) of rico por acre and 4.7 maunds (380 Ibs.) of wheat per acre. 


Thore is a gradual falling off in tho rosponse with higher dosos of nitrogen; but from the results 
givon abovo it is clear that upto about 20 lbs. of nitrogen (100 lbs. of sulphate of ammonia) а 
responso of 200 Ibs. or twice by woight of foodgrains can be expected on an average with confidence. 


Tho not area sown in India was 313 million aeros and the gross area sown including double 
cropped land was over 351 million acres in 1953-54.! The gross aroa irrigated was about 60 million acres. 
Tho total aroa under rico is about 78 million aer 


out of which about 26 million acres are irrigated 
loaving a balaneo of about 52 million acre of unirrigated rico land, much of which would normally have 
adoquato rainfall. Wo thus have about 34 million acros of irrigated land under erops other than rice, 
26 million acros of irrigated rico land, and 52 million acros of unirrigated land undor rico giving a total 
of 112 million acros of land, for which the water supply is likely to bo fairly adequate for the uso of førti- 
lizors. At a rato of application of 20 Ibs. of nitrogen por aere there should not be any difficulty in using 
upto ono million tons of nitrogen or 5 million tons of sulphate of ammonia for this typo of land alone. 
This is a safo ostimato of minimum requiroments. For tho romaining 200 million acres of land if wo 
accopt a comparatively small dozo of 10 Ibs. of nitrogen por acre on an average, we could use noarly 
the samo quantity again at tho socond stago. This would raise the requirement to about 10 million tons 
of sulphate of ammonia per year. For 112 million acros of land with good supply of water it would 
bo possiblo to ineroaso tho doze upto 40 Ibs. of nitrogen per aero which would require nearly another 5 
million tons of sulphato of ammonia. Those vory rough calculations indicate that India may bo able to 
use without any difficulty upto 15 or 16 million tons of sulphate of ammonia per year, that is, сап afford 
to instal 40 or 45 factorios of tho Sindri capaeity of about 350,000 tons per year. 


Wo may also consider tho question from tho point of view of rainfall. There are about 50 million 
acros of land under cultivation which got moro than 50 inches of rainfall per year; and about 87 million 
acro under cultivation with an annual rainfall of roughly between 40 and 50 inches. Out of these 137 
million acros about 36 million acros aro irrigated leaving a balance of about 100 million acres of unirri- 
gated land with annual rainfall of about 40 inches or more. Tho balance of irrigated land is about 
anothor 30 million acros giving a total of about 130 million of aeres under eultivation which is likoly to 
havo enough water for tho profitablo uso of good doses of fortilizers. On the other hand, only about 
50 million acros of land undor cultivation in India rocoivo loss than 30 inches of rainfall por year; 
and of this about 12 million acros aro irrigated. This would leave something like 38 million acres 
of land which may bo really unsuitable for tho use of fertilizers. 


F I may furthor mention that tho rato of application of nitrogen in many countries is very high.? 
= Los the парша avorago dozo of nitrogen in Ibs. per acre over all cultivated area in 1955-56 
е ollows : Belgium 73, East Germany 42, West Germany 48, Netherlands 156, Norway 38, U.K. 
Sateen. 98 and Egypt 38 compared to 0.86 lbs. per aero with a total consumption of 145,000 tons 
is uu or 725,000 tons of раја of ; ammonia in India. These figures also indicate that there 
йс» еа i the uso of fortilizors in und b Broposal made in my Address of installing only 
кан е of the same шашу as EAM per year is thus quite modest. It is worth 
ОН Eis x the present — that thero is some evidence to suggest that the actual rato of 

ot population may be appreciably greater than 5 million per year and may be 6 or 7 or even 


more * 9 Р 
per year, It would bo wise to instal two such factories per year and this can be done without 


any fi ; es Рр 
У foar of tho saturation limit of utilization being reached in 15 or 20 years. 


1 Agricultural ‘Statistics of Reorganised States, Government of India, 1956—57. 


2 Year Book of Food & Agricultural Statistics: Production, Vol. 10, Part I (FAQ), 1956 
Dr T 
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Statistical Appendix 
HOUSEHOLD CONSUMER EXPENDITURE 


l. Since 1950 the National Sample Survey (NSS) has been collecting a pie 
variety of social and economic statistics from all over the country. A great dea 2 
information has thus become available on household expenditure on items of consume 
goods such as foodgrains, sugar, milk and milk-products, or all food items taken together, 
clothing, medical expenses, etc., as well as the total expenditure on all items im a 
period of 30 days. Data collected in the NSS: 10th Round (December 1055—May 1956) 
for 2754 sample houscholds have been used to show some interesting facts in Tables 
А.1.0, A. I. I, А12 and A.1.3. For each household it is possible to calculate the 
“expenditure per person” by dividing the total expenditure on all consumer goods by 
the number of persons in the household. In this way each person in the sample would 
be labelled by the “expenditure per person” of the household to which he belongs. 
Tt is then possible to classify all the individuals included in the sample into a number of 
groups or classes of expenditure level. For example, in Table A.1.0, the individual 
persons were classified into groups having 'expenditure per person up to Rs. 8’, ‘between 
Rs. 8 and Rs. 11’, ‘between Rs. 11 and Rs. 15’, etc., and finally ‘Rs. 55 and above’. 
These class-ranges are shown in the top line of Table А.1.0 at the heads of cols. 
(1) to (13). Information on different items is given in different lines separately for each 
class-range in the corresponding cols. (1) to (13). 


2. In the first portion of 


per 30 days is shown for 4 ‘food’ 
items in line 5; on clothing, medi 
in line 9; and finally the expenditur 


the table the average expenditure per person in rupees 
items in lines 1 to 4; the total expenditure on food 
cal expenses and ‘others’ in lines 6-8; non-food total 
е on all items of consumption in line 10. 


Show many interesting features. 


18 over 55 percent in the Poorest group in col. (1) and decreases to about 17 percent 
in the highest group in col. (12). The total expenditure оп food (line 15) falls from 79 


percent at the bottom in col. (11) to 44.8 percent at the top in col. (12) with an overall 
average of 65.4 percent for all families. 


make up about two-thirds of the househo 
as high as four-fifths. Many other compari 
given in this table. 


4, The average size of households, that is, the number of persons in the household 
is given in line 23; the estimated number of households (in million) in line 24; the 
estimated number of persons (in million) in line 25. It appears that, according to the 
NSS, there were nearly 80 million households and 385 million Persons in India at the 
time of the survey. The expenditure in Rs. crore per 30 days is algo given in lines 26 to 
28. The household budget of India came to about Rs. 722 crore per 30 days, out of 
which about Rs. 472 crore were spent on food and Rs. 250 crores on non-food items, 
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5. Line 21 gives the percentage of persons in each expenditure class. From this 
line it can be seen that 14.01 percent of the population spend less Sunt Bs. 8 pe cep 
in 30 days. The next line 22 gives the accumulated Percentages which is ا‎ 
adding the figures in successive columns. This is Sen een, because it mac 4 
possible to see directly the percentage of the population spending less than a specifie 
amount. For example, from col. (2) it would be seen that 31.32 percent or almost a 
third of the population spend less than Rs. 11 per person per 30 days; from col. (4), that 
52.2 percent or more than half the population spend less than Rs. 153} iram col. (9), 
that nearly 90 percent of the population spend less than Rs. 34.2 This brings out the 
actual level of living of 90 percent of our countrymen. 

6. The above information has been shown in a graphical form given in the chart in 
"Curve А on p 76: Expenditure on all items in rupees" (per person per 30 days) in a 
solid line in the upper left hand corner of the chart. The vertical scale on the left gives 
the cumulative percentage of the population and the horizontal scale at the top (in solid 
line) gives the scale of expenditure in Tupees per person per 30 days. It is easy to read 
off from this graph the percentage of persons having an expenditure below any assigned 
value. From this it is also possible to obtain (by subtraction from 100) the percentage of 
persons having an expenditure greater than any assigned value. It is, of course, also 


possible to obtain for any assigned percentage the limiting value of the expenditure. 
These values are given in Table 3 in the main text. 


PERCENTAGE EXPENDITURE ON CONSUMPTION 


7. The information given in Table A.1.0 
A. J. J. In each line the average exp 
A. I. O, is adopted as the basis for comp 


expenditure. 


8. For example, in line 1 for foodgrains, it is seen that in col. 
on food is 53 percent of the average expenditure for all classes tak 
in col. (12), the highest group, the index 
diture on foodgrains is double that of t 
number 211 with the index-number 53 


(1) the expenditure 
en together. In contrast, 
-number is 211 Showing that the relative expen- 
he general average. Also, comparing the index- 
it is seen that the expenditure is four times 
е bottom group. For sugar (line 2), the bottom 
respectively Showing an increase of 26 times. 
her items; but, because of errors of sampling, the 


fined. A glance at col. (12) would also show that 
expenditure in the top group is relatively much greater on non-food items 


to food items (394), and very high (907) in the case of medical expenses, 
care would seem to be the highest luxury in India which only the richer p 


(710) compared 
In fact, medical 
eople can afford. 


1 Approximately $3 (three US dollars 


) and British 22s. 6d. or US 10 cents and 9 pence per head 
per day. 


2 Approximately $7 (seven US dollars) and British 


51 shillings or less than US 95 cents 
and British 1s, 6d. per head per day. 
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9. The index-numbers given in Table A. I. I lines 11 to 19, show the change in 
percentages of expenditures (as distinguished from actual expenditure) on different 
items. It is seen that the percentage expenditure on foodgrains and other items of 
food decreases with rising expenditure level. The percentage expenditures on sugar, milk 
and milk-products, and clothing, however, continue to increase as expenditure increases; 
and the relative increase is highest in the case of medical expense. 


CONCENTRATION CURVES FOR CONSUMER EXPENDITURE 


10. The question of equality or otherwise of the consumer expenditure can be 
studied in a different way in the form of what is called “concentration curves.” Relevant 
data are given in Table A.1.2 and are also shown in a graphical form in curves B, C, and 

. D, in the chart given on p. 76. Consider the right hand side of the chart. The horizontal 
scale at the bottom represents percentage of the population (beginning at the bottom with 
those having the lowest expenditure per person and finishing with those having the 
highest expenditure at the top). The vertical scale on the right hand side represents 
percentages of the total consumer expenditure, rising from zero to 100 percent at the top. 


11. Consider the total expenditure, say, on all items and call this 100. If each 
person has an exactly equal share, then 5 percent of the population would have 5 percent 
of the total expenditure; 10 percent of the population would have 10 percent of the total 
expenditure and so on. It is possible to draw this as а graph. Corresponding to a point 
5 percent on the horizontal scale the value of the ordinate would be 5 percent; for 10 
percent on the horizontal scale the corresponding value on the vertical scale would be 10 
percent. The graph is obviously given by the straight line joining the “zero” point on 
both scales with the “100”-point on both scales which is the straight line inclined at 45? 


to the axis. This line Tepresents a, completely egalitarian distribution without any 
concentration. 


12. The actual distribution or apportionment of expenditure is, however, not 


equal; and it would be of interest to plot the graph of the observed expenditure. Relevant 
data are given in Table A.1.2, in which 


Tables A.1.0 and A. I. I. In this Particular 
two sub-samples 1 and 2 


col. (1) shows the expenditure groups as in 
case the information is given separately for 
based on different sets of sample villages and sample house- 
holds. It may be mentioned here that the estimates given in Tables A.1.0 and АЛЛ 
were obtained by combining the two sub-samples 1 and 2. 


13. The sample villages and the sample households in each 
selected in accordance with a design of sampling based on the t 


comparable. The object of using two (or more) 
briefly explained. As each sub-sample gives a valid estimate 
the results based on two (or more) sub-samples immediately 8 
the consistency of the estimates. If буо ¢ (or more) sub- 


If the results diverge 


rks in practice would 
lained. 
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14. The number of sample households in the two ERIE are given 
(2) and (3) to show the size of samples but are not used in drawing the 5 va 
curves. Col. (4) gives the accumulated percentages of persons in sub-sample 1, een € 
the figures given in line 22 of Table A.1.0. Percentages for ple 2 are еви ы 
col. (5). The expenditure on, say, food items (or non-food items, or all items) is pai 
for each expenditure group shown in col. (1); and the total expenditure on food items 
for all expenditure groups taken together is also known. Tt is, 
express the expenditure incurred in any particular group as a percenta 


ge of the expenditure 
incurred by all the groups. In this way, each expenditure group, in each line of Table 
A.1.2 would have a figure giving 


its percentage share of the total expenditure on food 
(or non-food, or all) items. These percentages can then be added successively from the 
bottom up, and would supply the ‘cumulative percentage of expenditure,’ say, on food 
items shown in col. (6). For example, the expenditure group ‘0-Rs. 8° accounts for 
5.64 percent of the total expenditure on food items. The two groups ‘0-Rs. 8’ and 


‘Rs. 8-11’ together account for 16.15 percent of the total expenditure on food items and 
so on. 


therefore, possible to 


(4) can be represented on the 
; and the corresponding cumulative percentage 

vertical scale (on the right of the chart). 
The values given in the same line in cols. (4) and (6) are plotted on the chart and is 
ntration eurve B for expenditure on food 
sub-sample 2 on the basis of each pair of 
(7). The two graphs for concentration curve 
procedure was followed in the c 


conce: 


ase of expenditure 
given in cols, (4) and (8) for sub-sample 1, 
"sample 2; these are shown in the two graphs 


Xpenditure on all items, the figures in cols. (4) and 
(10) for sub-sample 1, and figures in cols. (5) and (11) for sub-sample 2 are plotted to 
give the two graphs of concentration curve D. 


aree sets of double graphs of B, C, and D. 
equally valid sample 

They diverge to 
‘true’ concentration 


somewhere in the neighbourhood of the pair of 
divergence between this pair of gr 
ampling. In the same way, 
me margin of errors 

expenditure on non-food іф 
ture on all items of consump 


some extent but not too much. We may 
curve B for expenditure on food items lies 
graphs for sub-samples 1 and 2. Also, the 
some idea of the margin of errors of s 
approximately (and always Subject to so 
of concentration curve С for 

concentration curve D for expendi 


aphs supplies 
we can locate 
of sampling) the position 


ems; and the position of 
tion. 


+ On one hand, and the 
concentration curve D, on the other hand i 


‚ can be directly seen оп the chart to be 
much greater than the divergence between the pair of graphs for the tw. 


of curve B or of curve D. From this we may infer that the two 
curves B and D are significantly different in the statistical Sense. 
the three pairs of graphs it can be inferred that the three concentration 


© sub-samples 
concentration 
Looking at all 
curves B, С and 
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D are all different. It has been possible to make this inference in this very simple 
manner, because we have been able to use a pair of graphs (based respectively on sub- 
samples 1 and 2) for each of the three concentration curves B, C and D.1 


18. We may now examine the concentration curve or the figures given in Table 
A.1.2 to understand the implications. For sub-sample 1, the lowest group ‘0 to Rs. 8 
has а percentage share of population of 13.84 percent, in col. (4); but its share of expen- 
diture on food items is only 5.64 percent, in col. (6); and the share of non-food expenditure 
is still less and only 2.82 percent, in col. (8); the share of expenditure on all items is 4.67 
percent, in col. (10), and naturally falls between the other two. The position can be 
ascertained for other groups or for any percentage of the population directly from the 
graph. It would be seen the lower the concentration curve at the beginning, the lower will 
be the share of the poorer households. 


19. It will be noticed that expenditure on food is more egalitarian than the 
expenditure on all items, while expenditure on non-food items deviates most from equality. 


This can be seen clearly from the curves B, C and D on the chart. The further a concen- 


tration curve lies towards the lower right-hand corner of the chart, the greater is its 
deviation from the ega 


alitarian distribution shown by the straight line inclined at 45° to 
the axis. The more intense the concentration, the greater would be the advantage enjoyed 
by a few rich men over a very large number of poor people. Concentration curves thus 
give a simple visual picture of the non-equality of the distribution. 


CONCENTRATION CURVE FOR LAND HOLDINGS 


20. It is, of course, possible to draw concentration curves for distributions other 
than that of expenditure. The case of holdings of land by households is of great 
interest. Some relevant data are given in Table A. 2.0 based on 
holdings carried out in the NSS: 8th round: July 1954~March 1955 covering the whole 
rural area of India. In this survey 12 interpenetrating sub-samples were used, information 
for 4 of which was collected by the NSS (which is a Central agency) and information for 
the remaining 8 sub-samples was collected by respective State Governments in the form 


of two groups of samples called State-I and State-IT, each consisting of 4 sub-samples. 


The information is given in Table A. 2.0 separately for 3 groups of samples : Central, 
State-I and State-IT. . 


a special survey of land- 


21. Information was obtained about the size in acres of the total holdings of 
land owned by each household. The households were then classified in groups by size of 
holding, such as, owning ‘0.10 to 0.50 Acre? owning ‘0.50 to 1.00 acre’ and so on. The 
number of households in each group and also the total area of land held by each group 
were then calculated; and these were expressed as percentage of the total number of 
households and of the total area of land owned by all households, The next step was 


adding up the percentages by successive groups to give the ‘cumulative percentage of 


1When a particular number or quantity (as distinguished from a curve, 
estimated, the margin of error can be calculated with considerable 
more interpenetrating samples. The rule is extremely simple: 
penetrating samples the probability would be respectively 

1/2, 3/4, 7/8, 15/16, 31/32 .... (Ё-1_ тука 
and the ‘true’ value of the parameter lies between the two extr 
penetrating samples, This method is being used in the Indian 


as in the present case) is 
accuracy on results based on two or 


for a set of 2, 3, 4,5,6,..,. & inter- 


eme estimates based on tho inter- 
Statistical Institute since 1937. 
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household’ and the ‘cumulative percentage of total area of land owned by households.’ 
These figures are given for the Central sample in cols. (5) and (8) respectively of Table 
4.2.0; for State-I sample in cols. (6) and (9) respectively; and for State-II sample in cols. 
(7) and (10) respectively. These three sets of values were then drawn on the chart in 
the form of the three graphs of concentration curve E, at the extreme lower right-hand 
corner of the chart. 


22. The number of sample households is given in cols. (2), (3) and (4) which show 
that the size of the sample was much larger in the case of the survey of land-holdings 
compared to the survey of household expenditure. Each of the Central, State-I and 
State-II samples had about 18,000 sample households compared to only 1377 sample 
households in sub-samples 1 and 2 in the case of household expenditure. It is of 
interest to note that the three graphs of curve E lie very close to one another (and are 
almost indistinguishable), no doubt, due to the large size of the samples. Comparing the 
graphs of curve E with the graphs of B, C and D, it is seen that the margin of errors of 
sampling is much smaller in the case of curve E. The size of samples in the case of land- 
holdings would seem to be quite adequate. 


23. Tt should be mentioned that in the present case only those households have 
been included which own more than 0.10 acre of land in order to exelude landless labour 
and households who practically do not own any land. 'The most important point to 
be noted is that the concentration of land-holdings is far greater than the concentration of 
expenditure on non-food items of consumption. The distribution of land-holdings is 
thus far more unequal than the distribution of consumer expenditure. The curves B, C, 
D and E give a clear idea of the inequality in the level of living and in the ownership of land 
in India at the present time. 


EMPLOYMENT AND UNEMPLOYMENT 


24. Table A.3.1 shows the position regarding the labour force, employment, and 
"Unemployment based on the 9th Round of the National Sample Survey (NSS) : May-August 
1955. Estimated numbers in million are given for each category in cols. (2), (3) and (4) 
for rural and urban areas, and all-India respectively. The corresponding percentage of 
the total are shown in cols. (5), (6) and (7). The first portion A gives the basic 
information. Consider the all-India figures given in col. (4) and corresponding percen- 
tages in col. (7). It is seen from line 1 that the total estimated population (on the 
basis of the National Sample Survey) was 382.4 million in 1955, and from line 3 that the 
labour force consisted of 162.6 million persons [or 42.5 percent of the population, as 
shown in col. (7), line 3] who were at work or seeking work at the time of the survey. 
Within the labour-force itself 160.4 million were gainfully occupied (line 5) and. 2.24 million 
7916 "unemployed" (line 4) in accordance with the concept of "unemployment" used 
m industrially advanced countries. 

25. For various reasons, it is known that the concept of unemployment used in 
advanced countries is not suitable in the case of under-developed countries in which 
| of the people work in household enterprises and agriculture. They are never 

unemployed” in the technical sense, but may often have to sit idle for lack of gainful 
Work. The figures for "unemployed" given in line 4 are not, therefore, adequate. А 
better picture can be obtained, if consideration is given to the amount of time а person 


the 
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is available for work or is actually engaged in gainful work. This has been sought to 
be done in Part B of the table. Three different approaches were used. 

26. Information was collected on how many more hours a person was available 
for work per week and the replies were classified in groups of “available from 1 to 8 hours 
per week," “from 8 to 14 hours per week,” etc., (that is, by units of 1 hour per day per 
week), shown in lines 6 to 13. Those who are available for work for more than 29 
hours per week (that is, who can accept work for more than 4 hours per day for 7 
days) are either practically unemployed or are sitting idle for half the week or more. 
Their number would come to 11.7 million [col. (4), line 9]. This is perhaps a lower limit of 
effective unemployment. 

27. Information about hours of work per week is given (in an accumulated 
form) in lines 14 to 20. It would be seen that the number of persons working Jess than 
8 hours per week was 20.9 million and their position was practically the same as that 
of the unemployed. The number of persons working less than 29 hours per week or 4 
hours per day was as large as 44.8 million [col. (4), line 16]. 

28. A third approach was to enquire how man 
in gainful work during 30 days preceding the day 
is given in the form of accumulated totals in lines 21 
working less than 10 days out of 30 days, or less than o 
million [со]. (4), line 22]. This is broadly consistent 
in the previous paragraph. 


Y days a person was engaged 
of interview. The information 
to 26. The number of persons 
ne-third of the month, was 39.2 
with the figure 44.8 million given 


29. There is, however, a big gap between e 
ployed persons based on B.(1) the hours per week avai 
the hours of work per week. А special enquiry carried out in the NSS: 7th Round, 
October 1953-March 1954 had given some interesting information on this point. The 
number of persons working part-time was obtained as 47.2 million corresponding roughly 
to 44.8 million persons who worked 28 hours or less per week as given in col. (4), line 16 of 
Table A.3.1. The enquiry in the 7th Round brought out that among them 10.4 million 
(22 percent of the total) were working part-time partly on aecount of il-health of the 
worker and partly because of illness in his household. Also, 23.4 million persons (or 
roughly half) were working a part of the time for reasons of an econom 
lack of demand for their labour, lack of tools and raw materials, slack and 
and 13.4 million persons gave other reasons. It would seem from the above discussion 
that at least 23 million persons, who were Working part-time for reasong of an eco 
nature, can be considered as severely “underemployed.” 


stimates of the number of unem- 
lable for additional work and B.(2) 


ic nature, such as 
off season, ete.; 


nomic 


30. It is clear that the volume of underem 
India. It is, however, difficult to set up precise defin 
ment and underemployment especially in rural areas 
enterprises and in the case of self-employed persons. 
entirely on where the line is to be drawn between emp 


ployment is Very great indeed in 
itions and Standards for unemploy- 
апа in household апа small scale 
The actual number would depend 
loyment and underemployment. 

31. Table 3.2 gives information on the distribution of gainfully employed 
persons by industries and by economie sectors (publie, large Scale, private household, 
etc.). From col. (9) it is seen that out of a total number of gainfully employed persons of 
160.38 million, 119.76 or nearly 120 million work in agriculture, forestry, livestock, 


etc. The total number engaged in manufacturing industries is only 17.54 million, out 


102 


SCIENCE AND NATIONAL PLANNING 


TABLE A.3.1. STATUS OF ECONOMIC ACTIVITY AND GAINFUL EMPLOYMENT : 
RURAL, URBAN & ALL INDIA 


estimated number of persons percentage of total 
in million 
rural urban all-India rural urban all-India 
ЕЕ (1) (2) (3) (4) (5) (6) (7) 
A. Distribution of population by status of economie activity! 
1. total population 316.1 66.3 382.4 100.0 100.0 100.0 
2. outside labour force 176.4 43.4 219.8 55.8 65.6 575 
3. in labour force 139.7 162.6 44.2 34.5 42.5 
4. unemployed 0.92 1.32 2.94 0.29 1.99 0.59 
^. gainfully employed 138.8 21.6 160.4 43.9 32.6 41.9 
B. Distribution of gainfully employed persons by period of work 
(1) hours available for addi- 
tional work per week? 
6. above 70 hours 0.38 0.04 0.28 0.20 0.26 
Ti S B5 y 1.2 0.11 0.85 0.51 0.81 
8. TAE oe 6.1 0.7 4.4 3.3 4.2 
9. m S o 10.4 1.3 1.5 6.2 1.3 
10. ж M a 17.6 2.5 12.7 11.6 12.5 
als " 1 й 22.1 3.2 15.9 15.0 15.8 
12. » 1 hour 24.3 3.4 17.5 15.7 17.9 
13. nil 138.8 21.6 160.4 100.0 100.0 100.0 
(2) hours of work per weck2 
im 7 hours or less 18.9 2.0 20.9 13.6 9.2 13.0 
e 14 „ 24.3 2.6 26.9 17.5 12.1 16.8 
yr 28, 40.2 4.6 44.8 29.0 21.5 27.9 
$4 T TM 64.3 8.5 72.8 46.3 39.5 45.4 
4 be: „ 109.7 17.2 126.9 79.0 79.4 79.1 
Si р 133.4 20.3 153.7 96.1 93.9 95.8 
NE all 138.8 21.6 160.4 100.0 100.0 100.0 
3 
(8) days of work per 30 days 
9 
ut less than 5 days 28.2 1.6 29.8 30.2 7.2 18.6 
23. „ „„ 10 „ 37.2 2.1 39.2 26.7 9.6 24.4 
24. „ 16 „ 50.1 3.2 53.3 36.1 14.6 33.2 
sg , 20 y 62.5 4.6 67.1 45.0 211 41.8 
26. „ „ 25 „ 78.3 8.2 86.5 56.4 38.0 53.9 
* a BO 5 138.8 21.6 160.4 100.0 100.0 100.0 


popil * Based on the National Sample Survey (NSS): 9th Round, May-August 1955; growth of 
ation calculated on the Census 1941-1951 rate of 1.32 percent per annum. 


1955 ^ Percentages in cols. (5) to (7) and lines (1) to (20) based on NSS: 9th Round, May-August 
" Sub-samples l and 2 only, consisting of 8,037 rural and 16,703 urban sample households. 


Decon E Pereentages in cols, (5) to (7) and lines (21) to (26) based on NSS: 5th and 6th Rounds, 
aber 1952-August 1953, consisting of 12,976 rural and 5,670 urban sample households. 
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of which also only 3.47 million are engaged in modern large scale industries. Trade 
and commerce with 5.84 million and service with 5.13 million come next in order of 
importance. 

32. From col. (2), bottom line, it is seen that 7.26 million persons are employed 
in the public sector, that is, under the Central and State Governments, Municipalities, 
and other publié authorities; and from the total of col. (3) that 5.65 million are employed 
in private large scale enterprises. These two taken together, 12.91 million persons 
have employment of the type familiar in industrially advanced countries; and in their case 
it is probably possible to specify fairly well whether a person is employed or unemployed 
in the sense in which "unemployment" is defined in advanced countries. 


33. The private small scale sector has 146.61 million [col. (7), bottom line], 
out of which 115.23 million are household labour (col. 4). They may be fully or only 
partly engaged in work but can almost never be “unemployed” in the technical sense. The 
structure of employment clearly shows the backwardness of the Indian economy. 


TABLE А.3.2. GAINFULLY EMPLOYED PERSONS BY INDUSTRIES: ALL INDIA : 1955 
——— — MM € ͤ —ä41ũ — 


private small-scale 


к private not 
industry publie large- house- hired domes- sub-total recorded total 
scale hold .labour tic (4) + (5) 
labour service (66) 
0 0 СОКЕ (3) (4) (5) (6) (7) (8) (9) 


milli 

1. agriculture, illion persons 
forestry, livestock, 
fishing and hunting 0.41 0.93 93.23 24.16 0.00 117.99 0.51 119.84 


2. mining and 


quarrying 0.04 0.39 0.01 0.08 — 0.09 0.00 0.52 
3. manufacturing 0.44 3.47 11.38 2.10 0.00 13.48 0.16 17.55 
4. construction 0.26 0.22 0.66 0.85 0.00 1.51 0.01 2.00 
D. electricity, gas, 
water, sanitation 0.16 0.01 0.09 0.00 — 0.09 0.01 0.27 
6. trade and commerce 0.10 0.22 4.78 0.72 0.00 5.50 0.02 5.84 
; * . 0. 
7. service 2.65 0.14 1.07 0.49 0.77 2.33 0.01 5.13 
8. transport and 
communication 1.47 0.14 1.03 0.24 0.00 1.97 0.08 2.91 
9. not specified above 
and not recorded 1.73 0.13 2.98 0.67 0.70 4.35 0.11 6.32 
* i 6.32 
10. total 1.26 5.65 115.28 29.91 1.47 146.61 0.86 160.38 


Based on the National Sample Survey (NSS): 9th Round: Ма; 
i : May—August 1955. Y les 
1 and 2 only consisting of 8,027 -rural and 16,703 urban households. 8 д HEEE 


34. Table А.3.3 shows the incidence of “unemployment” among educated 
persons defined as matriculates or having higher educational qualifications. The concept 
of “unemployment” used is the same as that used in the advanced countries and is known 
to be much too restricted and hence unsuitable for underdeveloped countries. However; 
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using this strict definition of unemployment, it is of interest to observe [from col. (7), 
line 5] that there were about 0.47 million or 4.7 lakhs unemployed in 1955 out of a total 
of 5 million or 50 lakhs of educated persons altogether. Taking into consideration the facts 
that about 4 lakhs of candidates matrieulated in 1955 and that the number is steadily 
increasing, it can be easily imagined how very difficult the problem of unemployment among 
educated persons would become in future, unless there is rapid economie development. 


TABLE 4.3.3. DISTRIBUTION OF TOTAL POPULATION AND UNEMPLOYED PERSONS 

BY EDUCATION CLASS: RURAL, URBAN & ALL INDIA : 1955 
——————— — ——H'˙ÿ — ——————á 
percentage of 


rural urban all-India unemployed 
education class = 
total un- total un- total un- rural urban all- 
employed employed employed India 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
e million persons ........ . percentage. 
1. below 
matriculate 314.70 0.76 62.70 1.01 377.40 1.77 0.24 1.60 0.47 
2. matriculate 1.10 2.40 3.50 
3. intermediate 0.19 0.55 0.84 
4. graduate 
and above 0.13 0.57 0.70 
5. sub-total (2— 4) 1.42 0.16 3.62 0.31 5.04 0.47 11.42 8.59 9.40 
6. total 316.12 0.92 66.32 1.32 382.44 2.24 0.20 1.99 0.59 


Based on the National Sample Survey : 9th Round, May-August 1955, sub-samples 1 and 2 
only, consisting of 8,037 rural and 16,703 urban sample households. Growth of population calculated 
on the basis of the Census 1941-51 rate of 1.32 percent per annum. 


GENERAL AND PROFESSIONAL EDUCATION 

35. Table A.3.4 shows the number of persons passing different examinations in 
India each year from 1950 to 1955 based on information collected by the Planning Commi- 
Ssion. "There is no doubt that general education is increasing quite fast. In most cases 
numbers have more than doubled in five years since 1950. The number of matriculates 
Жаз over 4 lakhs in 1955 which represented about 1050 matriculates per million of the 
Population. The number of first graduates was about 57,000 or about 150 per million 
Which is comparable with an out-turn of about 20,000 graduates in the UK with a 
Population of 51 million or 392 per million. A comparison can also be made on the 
basis of literate persons. The number of literates in India in 1955 was about 63.2 million 
(all ages below 5 are omitted in calculations relating to literacy). The number of matri- 
culates in 1955 was thus about 5300 per million literates; and the number of first graduates 
Was about 900 per million literates. In the UK the number of persons of age 5 years 
or MORE was about 44 million and this would be also the number of literates (because of 
Universal literacy) and is comparable to 63 million literates in India. On the basis of an 
out-turn of about 20,000 graduates per year in the UK, the number would work out at about 
450 graduates per million literates. The proportion of graduates in India in relation to 
literates (900) would thus seem to be double that of the UK (450). This supplies some 
interesting information on social differentials in education. 
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TABLE 4.3.4. GENERAL AND PROFESSIONAL EDUCATION : ALL INDIA 1950-1955 


سے 
index‏ 


number of persons qualifying in 


12 number: 
qualification 1850 m 1952 1953 1954 1955 1951100 
0) 2) (3) (4) (5) (6) (7) (8) 
— —— —— 
I. Matriculation I, 89,184 2,41,143 2,01,059 3, 34,700 3, 97,005 4,00,014 166 
2. Intermediate 59,283 12,685 11,836 89,021 1,04,851 1,26,476 174 
л Arts 41,052 47,013 52,373 59,703 71,640 86,741 185 
2 Science 17,631 25,072 25,463 29,318 33,211 39,735 155 
3. First degree 28,745 32,238 36,136 40,033 50,178 51,051 177 
л Arts 19,212 21,251 24,965 27,491 35,773 40,444 190 
2 Science 9,533 10,987 11,171 12,542 14,405 16,607 151 
4. Master's degree 5,581 7,138 7,734 7,855 9,777 11,013 154 
1 4,503 5,729 6,054 6,161 1,100 8,802 154 
2 Science 1,078 1,409 1,680 1,694 2,068 2,211 157 
5. Doctorate 115 146 164 123 280 324 222 
л D. Phil. (junior) 56 136 159 115 269 m. a. (198) 
.2 PD. Sc. (Senior) 59 10 5 8 11 n.a. (110) 
6. total 2,82,908 3,53,350 3,82,929 4,711,792 5,02,091 5,94, 878 168 
Engineering and technology 
eee 
7. Certificate 566 14,189 13,604 17,418 15,718 18,588 131 
8. Diploma 784 1,547 2,871 2,575 3,148 3,774 244 
9. First degree 1,923 2,189 2,510 3,046 3,520 3,583 164 
10. Master’s degree 50 66 82 69 211 144 218 
11. total 3,323 17,991 19,067 23,108 22,097 26,089 145 
Medical science 
a کس‎ 
12, Diploma 50 117 120 267 — E = 
13. First degree 2,017 1,624 1,985 2,146 3,131 = (193) 
14. Master's degree 19 256 261 350 693 — (271) 
15. Doctorate 52 54 55 63 48 = (89) 
16. total 2,138 2,051 2,421 2,826 3,872 eri (200) 
Mu Dior ß T ea E 
Agriculture 
nn — — 
nS = т e a 
17. Certificates 459 783 1,120 982 999 1,510 193 
18. Diploma 585 661 352 691 563 778 118 
19. First degree 1,067 1,118 984 914 1,004 971 87 
20. Master’s degree 146 151 209 190 198 193 128 
21. total 2,257 2,713 2,665 2,177 2,764 3,452 127 


Veterinary science 


22. Diploma 62 34 37 

23. First degree 112 242 287 252 298 300 124 
24. Master's degree — 135 147 A 
25. total 174 276 274 252 433 447 T 


Notes : (1) Index-numbers within brackets are for year 1954. 


(2) Source of information : Division of Perspective Planning, Planning Commission, 


106 


at: 


CORRIGENDA 


Some observations on Input-output Analysis : By Oskar Lange, Sankhya 
17, 305-36. 


A statement contained in my paper “Some Observations on Input-Output Analysis” 
which appeared in Sankhyd, Vol. 17 Part 4 (February 1957) needs correction and further 
elucidation. This is the contention on pp. 331-332 that the rate of increase in national 
income is equal to the rate of increase of gross national product. This is so only when the 
change taking place in replacement is neglected. Taking account of the latter, we obtain 
the following result. 


Using the notation in my paper national income in unit period ¢ is 
У x(t) = 2 Kilt) — > А a; X;(t. 
t t 


The double sum on the right hand side represents that part of gross national pro- 
duct which is used for replacement of the means of production used up during the unit period, 
le, Amortisation. Let us denote the rate of replacement (rate of amortisation) during unit 
period ¢ by 


we then can write 


аф) = ® ХП 0. 


Denoting by r(t) the rate of increase of national income and by R (t) the rate of 
Increase of gross national product we obtain 


У a(i) ххці+1001—9(0+1)] 
i Ir = * 
EX 


Zn ((0[1—9(01 
i 
Whenee the relation 
1—o(t4-1) 
1670) UNE Fae » 


between the rate of increase of national income r(t) and the rate of increase of gross 
National product R(t). 


In the relation obtained l-Lr(f) is the growth coefficient of national income, 1-- R(t) 
is the growth coefficient of gross national product. 1—o(t) and 1—o(t+1) represent the 
fraction of gross national product in the respective unit wg ш чы Pru AC 
serve for replacement; it may be called the net output ratio. Thus relation(l) states that 
the growth coefficient of national income is equal to the growth coefficient of gross national 
product multiplied by an expression indicating the change in the net output ratio, 
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National income in unit period ¢, is related to national income in the initial unit 
period to (ts > tọ) by formulae analogous to (7.10) and (7.11) in my paper, namely, 


ts 
Za) = [| n1. z Xo MET 
P pa И 
and, іп case when r(t) = r = const. 


У xilt) = (1+-r)s—to X w(t). 


In view of (7.9) in my paper and (2) in this note the expression (7.14) can also be written in 
the more explicit form 


tg 
Eat) = Ii aces) a \. Z гц. z Ë) 


i 1—с() 


These results have to be substituted for the formulae (7.13), (7.14) and (7.15) of my 
paper. 


CORRIGENDA 


“А note on Distance between Two Populations" By S. R. Adke, Sn 
19, 195-200. 


1) Relation 3.5 should read 


V (1-1J =t = у 01) 8 E UZI 


9)- 


2) Line 2, on page 198, should read 


со 
[ x f exp (ауаз Уа Le) dende, 


71502 


layl? ш: [= lal 1 


However, ће above corrections do not alter the results obtained 1 


ater in the paper. 
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INDIAN STATISTICAL INSTITUTE 
TWENTY-FIFTH ANNUAL REPORT : April 1956—March 1957 


Parr 1: CONSTITUTION AND ACTIVITIES OF THE INSTITUTE 


l. The Indian Statistical Institute completed the twenty-fifth year of its existence 
9n 17 December of the year under review (April 1956 to March 1957). Though 
Work on statistics on scientific lines had started much earlier under the guidance of 
Professor Mahalanobis in what was known as the Statistical Laboratory, the Institute 
4s such came into existence by a resolution passed at a public meeting held on 17 December 
1931 under the Chairmanship of the late Sir R. N. Mookerjee who was elected the first 
President of the Institute and held that office for 5 years (1931-36). The Institute was 
registered as a non-profit learned society under Act XXI of 1860 in April 1932. 


2. Starting with a single part-time computer and a total current expenditure of 
Rs.2 38 in the first year, the Institute has passed through alternating stages of acute finan- 
cial difficulty and relative prosperity in reaching its present dimensions when it has a staff 
of over 1750 paid workers and a current expenditure budget of about Rs. 72 lakhs. During 
the first few years of its existence the Institute was mostly engaged in analytical studies 
including design of experiments. Gradually it began to undertake small-scale enquiries 
(indebtedness of agriculturists, economic conditions of handloom weavers, consumer pre- 
ferences, etc.) on behalf of Government departments and private concerns. From 1936 
the Institute became increasingly involved in crop estimating and land utilization surveys 
undertaken on behalf of the Indian Central Jute Committee, the Government of Bengal and 
the Government of Bihar and developed the technique of large-scale sample surveys for this 
Purpose. Since 1950 the Institute has taken a leading part in planning, organizing and 
шу ing out the National Sample Survey at the desire of the Government of India; 
Since 1954 it is actively helping in the work of planning for national development. A short 

Istory of the origin and development of the Institute is given in Appendix 1 of this report. 


hoi 3. Constitution: The supreme control of the Institute is vested in the general 
Y of members of the Institute, which includes ordinary, life and honorary members, 
onorary fellows and patrons. It is this body which has the authority to make and amend 
ne rules of the Institute. The Annual Report and Audited Accounts are presented at the 
Dnual General Meetings; otber General Meetings are held whenever necessary. 


T i a anagement А The management of the Institute is vested in a Council consist- 
Gigs le President, Chairman, two or more Vice-Chairmen, Тгеваптаг, Secretary and iss 
etic and 20 members, elected by the members of the Трае, апа balcones 

ü ntatives of regional branches and co-opted members. Subject to overall coordina- 
Чоп by the Council, the management of the Research and Training School is vested in a 
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Governing Body with elected representatives of the Council, of the Government of Indis, 
and of а number of public bodies. "There are two finance committees, one of the Governa 
Body and the other of the Council; an ad hoc committee for allocation of expenditure оп 
which the Government of India is represented; a journal committee and an examinations 
committee. There are several other committees, executive and technical, for carrying 
out the day-to-day administration and for coordination of the work of different depart- 
ments. 


5. Audit: The Institute has a chartered accountant as internal auditor, while a 
firm of chartered accountants, qualified to audit accounts under the Companies Act, is 
appointed by the General Body of members at the Annual General Meeting as external 
auditor. 


ACTIVITIES 


6. The Institute's activities which cover a wide 


field can be grouped into the 
following sectors : 


1) Society-type Activities: The Institute has, 
as a learned society, with Sankhya : The Indian Journal of Statistics as its official organ. 
It has society-type branches in Aligarh, Bangalore, Bombay, Delhi, Madras and Poona, 
each branch having its own managing organization. The Institute also promotes a two- 
way flow of scientific visits for maintaining contacts with scientific institutions and workers 
in different parts of India and in other countries of the world. 


since its establishment, functioned 


2) Research and Training School (RTS) : 
and Training School for post-M.Sc. training in pro 
for advanced study and research in both theoretical 
well-equipped departments for theoretical and appl 
demography, anthropology and applied economies. 
of statistical computers at different levels and co 
of training in collaboration with the Central 
of India. 


The Institute maintains a Research 
fessional statistics, and offers facilities 
and applied subjects. The RTS has 
ied statistics, biometry, psychometry, 
The School also organizes the training 
nducts several other special courses 
Statistical Organization of the Government 


3) Examinations: Since 1938 the Institute has been 
in a number of centres in the Indian Union for the awar 
Computer’s Certificates and also Certificates of Proficiene 


holding all-India examinations 
d of Statistician’s Diploma and 
y in Field-Work. 


4) Projects: The Institute has for many years been actively carrying out large- 
scale sample surveys for the collection of information on agricultural crops and social and 
economie conditions of people on behalf of different governments and other parties with 
the help of contract grants. The Institute has been handling since 1950 the big project 
of the design and technical work of the Indian National Sample Survey financed by the 


Government of India. A very large portion of the Institute staff is at present engaged in 
this project. 


5) Electronic Computer: The Institute has an Electronic Co 


err " mputation Laboratory: 
which maintains an electronic digital computer HEC-2M and rende 


TS computation service 
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to different departments of the Institute and other scientific institutions in India. The 
Laboratory is also engaged, in collaboration with the Workshop, in developing devices and 
equipment for electronic computers. 


6) Development Workshop: The Institute has a well-equipped Workshop which, 
in addition to the maintenance and servicing of calculating machines and instruments 
and equipment of the Institute, assists the Electronic Computer Laboratory in the 
maintenance and development of electronic computers. The Workshop is carrying out 
developmental work for the manufacture of desk calculating machines and scientific 
instruments. Tt has recently received many items of precision tools and equipment from 
the USSR through the United Nations. 


7) Statistical Quality Control (SQC) : The Institute maintains three whole-time 
Statistical Quality Control (SQC) Units, at Bangalore, Bombay and Calcutta to give 
Service to industrial concerns on a fee basis and also to promote the use of SQC generally. 
General guidance is given in this matter by a Policy Advisory Committee set up by the 
Government of India. 


8) Operational Research Relating to Planning: The Institute is engaged in: Opera- 
tional Research relating to planning for national development since 1954 when studies 
In this connexion were inaugurated by the Prime Minister Sri Jawaharlal Nehru. The 
first phase of the work led to the preparation of the “Draft Plan Frame" which was sub- 
Mitted to Government in 1955 and was accepted as the basis for the formulation of the 
Second Five Year Plan. Since then one unit has been engaged in economic analysis and 
Studies relating to planning, while another unit posted in Delhi is working on problems 
of scientific and technical man-power and perspective planning in collaboration with the 
Planning Commission. An experimental unit for the study of the economics of cottage 
industries, called Kalyanasri,* was started in Caleutta in 1955. Another unit, the 
Industrial Management Research Unit for Planning (IMRUP), was also started in 1955 


With its headquarters at Bangalore for research and studies in industrial management. 


Another unit was started in 1956 for research in regional planning with emphasis on 
Seographical-surveys with headquarters at Bangalore. The work on planning is being done 


in collaboration with the Central Statistical Organization, the Planning Commission and 
relevant Ministries of the Government of India. 


9) General Services: The Institute has a central library consisting of over 60,000 


volumes and more than 1,200 journals and periodicals. There is a Translation Unit 
attached to the Li 


brary which is engaged in translating documents of interest for purposes 
of Planning from 


the Chinese, the Japanese and the Russian languages. There is also a 
Well-equipped photographic section. The Institute has a Machine Tabulation Unit with 
Punched card equipment of both Hollerith and Powers-Samas types consisting of about 20 
Sorters, 18 tabulators and necessary complements of multipliers, collators, reproducers and 
88ng-punching equipment in Calcutta and a smaller unit at Giridih and Delhi. There is 
M Estate Department for the construction, repair and maintenance of the Institute's 
buildings, roads, grounds, furniture and other equipment. 


* Tho spelling adopted in this Report is ‘Sri’ instead of ‘Shri or Shree’ in accordance with the exist- 


ing i i : de : 
Б international convention for transliteration from the Devanagri (or Sanskrit) into the Roman script, 
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10) Social Services: The Institute maintains hostels for students, & anten E 
supplying subsidized meals and refreshments, a circulating library, medical units including 
a health home at Giridih, a night school, an adult literacy centre, an educational aid "iii, 
and а workers’ club for sports, recreation and cultural activities. The Institute also publishes 
a house-journal, Samvadadhvam.“ It provides for a good deal of “in-service” training. 
There is also a workers’ Cooperative Credit Society. The Institute maintains guest-houses 
for visitors and a transport unit whose main function is to provide transport for the con- 
veyance of workers between the Institute premises at Baranagar and the city. 


7. In addition to the work done under the direct control of the Institute, the 


following associated organizations located in or near the Institute work in close cooperation 
with the Institute : 


1) International Statistical Education Centre (ISEC): Established in 1950 under the 
auspices of the UNESCO it is run under the joint direction of the International Statistical 
Institute and the Indian Statistical Institute with the support of the Government of India. 


т 2) Statistical Publishing Society : "This was established in 1935 on the initiative of 
the Institute as a non-profit association and registered under Act XXT of 1860 for the 
publication of Sankhya: The Indian Journal of Statistics. The Society maintains the 
Eka Press which is adequately equipped for undertaking scientific and technical work. 
3) Indian Calculating Machine and Scientific Instrument Research 
was established in 1943, on the initiative of the Instit; 
in 1943 under Act XXI of 1860 with the object of pr 
and use in India of caleulating machines, statistica 
neering instruments and apparatus and appliance 
association with the Institute Workshop. 


Society: This 
ute, as a non-profit society registered 
omoting research, study, production 
1, mathematical, scientific and engi- 
s. This Society is now working in 


8. The main premises of the Institute are at present located on the Institute's 


own land of 4.78 acres at 203 Barrackpore Trunk Road in a multi-storeyed building with à 


floor-space of over 62,000 sq. ft. and about 21,250 sq. feet of ground-floor space in sheds. 
In addition, about 60,000 sq. feet 


of floor-space are oceupied by the Institute at 202 
Barrackpore Trunk Road which 


has been placed at the disposal of the Institute by the 
Government of In ia. The Institute also uses about 50,000 sq. feet of space in rented 


premises in Baranagar and Calcutta, The Institute has about 35 acres of land and a work- 


ing branch with a staff of about 130 persons at Giridih. Tt also maintains offices at 
Bangalore, Bombay and Delhi. 


9. Twenty-fifth Anniversary: The 25th Anniversary of the Institute w 
ed in December 1956 and January 1957. Members of the staff and their friends and many 
foreign and Indian Scientists attended the two general meetings held on 17 December 1956 
and on 22 December 1956 in the mango grove on the Institute's grounds. The most 
important feature of the celebrations was a programme of about 60 lectures and seminars 
by leading statisticians and economists from different parts of India and abroad, spread 
over nearly three weeks. "There was also a crowded programme of entertainments, such 


as a musical soiree, staging of Bengali plays, a folk play and cinema shows. A detailed 
account is given in Appendix 2. 
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TWENTY-FIFTH ANNUAL REPORT: 1956-57 
Part 2: YEAR UNDER REVIEW 


l. Planning for National Development: When the Institute undertook its first 
Sample survey way back in the early thirties, the first step was taken in a direction which 
was ultimately to result in the Institute undertaking planning for national development as 
its principal objective. Tt is in terms of this objective that a brief survey can best be 
made of the work of the Institute during the year under report (April 1956-March 1957). 


2. In the Planning Division of the Institute, while an attempt was made to 
Prepare an annual plan, the main emphasis was on long-range or perspective planning. 
Partieular mention should be made in this connexion of Professor N. Kaldor’s work on 
taxation undertaken under the auspices of the Institute which has since been largely 
drawn upon by the Union Government in framing its latest budget. 


3. Industrial Management Research: The Industrial Management Research Unit 
for Planning (IMRUP), which actually started functioning on the very first day of the year 
under report, has already carried out investigations in regard to management, control and 
human relationship in three public enterprises, namely, the Mysore Iron & Steel Works, 
the Hindustan Shipyard (Private) Ltd., at Vishakapattam and at the Sindri Fertilizers 
& Chemicals (Private) Ltd., besides certain studies within the Insitute itself. 


4. National Sample Survey: By far the most important project in the way of 
9conomie surveys, now under way in the country, is the National Sample Survey, а 
countrywide fact-finding agency operated jointly by the Government of India and the 
Institute. The surveys are organized in rounds— roughly two every year. During the 
year under review, the 10th round of the Survey, started in the preceding year as well 


as the field-work for the llth round were completed. The 12th round was started early 
in 1957, f 


5. National Sample Survey Review Committee: A Committee, with Sir Ronald AY 
Fisher as Chairman, and Messrs. Morris Hansen (USA), Arthur Linder (Switzerland), 
Tosio Kitagawa (Japan) and Frank Yates (UK) as members, which had been set up with 
the approval of the Government of India, assembled in Caleutta in December 1957 and 
examined the work of the National Sample Survey and submitted its report in January 
1957. The Committee appreciated the foresight shown in setting up this fact-finding agency 
and, while commending generally the conduct of the survey, made many valuable sugges- 
tions for its improvement and indicated lines of future development. The Institute in due 
Course passed on this report with its own observations to the Government of India. 


» 


МА "C Research and Training : Besides carrying out theoretical research at a high 
» the RTS has made it its duty to turn out trained personnel for statistical work. The 
uniber of persons who received training during the year under report was 350. Train- 
ae In statistics is also imparted by the International Statistical Education Centre run 
ae by the International Statistical Institute and the Indian Statistical Institute. Since 
neeption in October 1950, the Centre had conducted 10 terms of training upto April 
1957 for 231 participants from 17 Asian countries. 


7. Surveys, Reports and Research Papers: Ten sample surveys and pilot studies 


Were condueted during the year, the total number till the end of the year being 185. The 
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number of reports on large-scale sample surveys submitted during the year was 9; 
pringing the total till the end of the year to 64. Altogether 48 working papers were 
drafted for circulation during the year under review, the total number of such papers 
circulated till the end of the year was 144. 


8. The research papers and reports submitted by the workers during the year 


numbered 35, making a total of 577 of such papers and reports published till the end of 
the year. 


9. The Research and Training School also brought out during the year 4 occa- 
sional publications. 

10. Visit to Japan and China: A delegation consisting of Sri Pitambar Pant, 
Sri R. Natarajan and Sri M. Mukherjee visited China and Japan in the summer of 1956. 
Professor Mahalanobis was to have joined the delegation in Japan on his way back 
from the USA, but unfortunately he was suddenly taken ill in the USA and in his 
absence Sri Pitambar Pant acted as the leader of the delegation. Leaving Calcutta on 
10 June 1956, the delegation spent about a month each in Japan and China and 
returned to Calcutta on 19 August. The delegation studied various aspects of planning 
in both the countries and brought back valuable materials on the subject. 


11. Before passing on to the sectional reports mention should be made of two 
notable events of the year under review : 


a) Visit of the Chinese Premier: Premier Chou En-lai, accompanied by Mr. Ho 
Lung, Vice-Premier of the People's Republic of China, visited the Institute on 9 December 
1956 and was taken round the different departments in the activities of which they showed 
keen interest. Mr. Chou En-lai observed during the visit that technieal cooperation 
between China and India in the field of statistics and planning would be very welcome. 
His visit was followed by that of a delegation from China led by Mr. Wang Szu Hua, Vice- 
Director of the Chinese Central Bureau of Statistics, who came to India as guests of the 
Institute and stayed in the country from 11 December 1956 to 15 J: anuary 1957 studying 


sampling and other statistical methods in use in India. It is expected that these visits will 
strengthen the ties between India and China. 


b) Conferment of Doctorate (Honoris causa): In connexion with the Centenary 
Celebrations of the Caleutta University the degree of Doctorate of Science (honoris causa) 
was conferred among others on the following persons who are intimately connected with 
the Institute: Sri Chintaman D. Deshmukh, President; Professor Satyendranath Bose, 
Vice-President; Professor Prasanta Chandra Mahalanobis, Director and Professor T. 
Kitagawa, a Visiting Professor and a member of the Institute Council. 


A brief history of the Institute is given in Appendix 1. 
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1. RESEARCH AND TRAINING SCHOOL 


l. The main activities of the Research and Training School (RTS) fall under the 
three heads: (i) research; (ii) consultation and (iii) training. А brief account of the work 


is given below. Full details will be found in a separate report of the Research and Training 
School. 


(i) Research 


2. The research programme of the RTS for the year covered both statistical theory 


and the logic of statistical inference as well as the development and use of statistical tools 
for application to specifie problems. On the theoretical side, the studies included design 
of experiments, estimation, tests of hypotheses, stochastie processes and problems of dis- 
tribution. On the applied side, the Psychometric Unit of the RTS was engaged in develop- 
ing techniques for selection of personnel both within and outside the Institute, the 
Preparation, scoring and validity of psychological tests and other studies. The Anthro- 
pometrie Unit was busy with the standardization of measurements on the living. The 
Biometric Unit continued its work on certain bio-chemieal studies, blood group tests and 
Other problems. А summary of research work in theoretical statistics together with a full 
list of papers contributed, is given in Appendix 3. 


3. The RTS also collaborated in the researches in other sections, such as, the 
design of sample surveys and other studies in the National Sample Survey (NSS) and 
associated projects; mathematical models for economic planning and other problems in the 
Planning Division; problems in high speed computation in the Electronic Computer 
Laboratory and industrial sampling and associated problems in the Statistical Quality 
Control Units of the Institute. A fuller account is given in the separate Report of the 
Research and Training School. 


4. Research Seminars: Besides the seminars periodically conducted by the RTS 
for exchange of ideas among the staff and students, several courses of lectures on recent 
advances in mathematics and statistics were arranged during the year. Among them, 
Mention may be made of a course on biometry by Professor J. B. S. Haldane of the 
University College, London;* on statistical inference by Professor G. A. Barnard of the 
Imperia] College of Science and Technology, London; and on operational research by 
Dr. R. L. Ackoff of the Case Institute of Technology, USA. 


(ii) Consultation 


5. Scientific Enquiries: As in previous years, the RTS continued during the 


3 SAE to provide consultation service for all scientific workers in the country. Advice was 
Siven in response to various enquiries on the planning of investigations and analysis and 
Interpretation of data from research workers in various fields, government departments and: 
business firms. Further details are given in Appendix 4. 


* Professor Haldane joined the ISI as Research Professor in July, 1957, 
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(iii) Training 


6. An increased demand for training in statistics has led to an expansion of the 
scope of the training programme of the school, both in regard to the number of courses 
conducted and the number of trainees admitted to each course. 


7. "Phe short-term (6 months) Statistician’s Course, which was introduced in 1955 
for persons who are already in employment and who intend acquiring a knowledge of basic 
statistical methods for use in their own work, was extended to one year spread over two 
sessions of six months each (junior and senior courses), the senior course providing for 
specialization in one or two fields of application. 


g. Another new feature was the introduction of short intensive courses. Two 
such courses were arranged during the year under review : one was a six-week course on 
"the theory and practice of the design of experiments, for which 12 out of 84 applicants were 


selected; the other was a three-week course on operations research, which was attended ] 


by 30 technical workers drawn from different occupations. 


9. The following courses of training (including the new courses mentioned above) 
were conducted during the year, the number of trainees being mentioned within brackets in 
each сазе: 


(a) Three-year Statistician’s Course in collaboration with the Central Statistical 
Organization (CSO) of the Government of India (75); (b) Short-term Statistician’s 
Course (junior and senior) (84); (c) Officers’ Training Course (jointly with the CSO) 
(25); (d) Training of individual officers on deputation (6); (е) Computer's Training 


Course (junior and senior) (118); and (f) Short Intensive Courses on special 
subjects (42). 


In addition, the staff of the RTS participated in the teaching work of the International 
Statistical Education Centre (ISEC). 


10. Advanced Studies: Research scholarships were awarded to 13 students for 
carrying out work on subjects such as Advanced Probability, Stochastic Processes; 
Statistical Inference, Multivariate Analysis, Statistical Quality Control, Psychometry; 
Biometric Methods, etc. Three members of staff on the RTS were admitted to the degree 
of D.Phil. of the Calcutta University during the year; a fourth member submitted his 


thesis for the degree. Three research students submitted these: ; 
Т s for the As teship of 
the ISI. Details are given in Appendix 5. е Associateship О 


2. INTERNATIONAL STATISTICAL EDUCATION CENTRE 


1. The International Statistical Education Centre (ISEC), Calcutta, was opened 
in October, 1950 under the auspices of the UNESCO. It is being run jointl 55 the 
International Statistical Institute and the Indian Statistical Institute with the А Orb ОЕ 
the UNESCO and the Government of India. Тһе Centre provides courses of а іп 
theoretical and applied statistics at various levels to selected participants from hd 
of the Middle, South and Far East. 


9. During the year under review, important decisions were taken by the Govern- 
ment of India regarding the future of the ISEC. During the past six years of its existence; 
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the work of the centre was reviewed every year and grants for its maintenance made 
by the Government of India on a year-to-year basis. This has made it difficult to plan the 
programme of the centre in advance. The Government of India have now kindly sanctioned 
grants to the ISEC upto the end of the Second Five Year Plan period (1960-61). 


3. Since its inception upto April 1957, the centre has conducted 10 terms of train- 
ing of either six months or nine months for 231 partieipants from the following 17 Asian 
countries : Afghanistan, Burma, Cambodia, Ceylon, India, Indonesia Tran, Iraq, Japan 
Malaya, Nepal, Pakistan, Philippines, Singapore, Syria, Thailand and Vietnam. 


4. The 9th term terminated about the middle of April 1956. The 10th term, which 
started on 16 July 1956, terminated in April 1957. During this term, 30 candidates were 
selected from 38 applieants and 28 candidates from 8 countries actually joined and received 
training; 18 students came from outside India: 2 each from Burma, Ceylon, Philippines, 
Singapore and Thailand and 4 each from Japan and Pakistan. A full list of students is 
given in Appendix 6. 


5. Instruction: The course of training during the 10th term consisted of lectures, 
laboratory work, seminar discussions and on-the-job training. The first four months were 
devoted to theoretical work involving about 175 lectures and 400 hours of laboratory work. 
About a month was spent in imparting training in statistical projects in the ISI. Another 
2 months were set apart for a specialization course, for which students were divided into 
appropriate groups. This was followed by a course of training in official statistics for a 
month in the CSO at New Delhi. Instruction at the Centre was provided by the staff 
of the RTS and project divisions of the ISI, statisticians and economists in the CSO and 
from various ministries and departments of the Government of India and visiting teachers 
from abroad. 


6. In addition to their regular work, the students of the ISEC had an opportunity 
to attend various lectures and seminars held in the ISI. For example, they attended the 
series of seminars in the ISI which formed a part of the 25th Anniversary Celebrations of 
the Institute. 


0 7. Fellowships: The Government of India have awarded, under the Technical 
i operation Scheme (Colombo Plan), 102 fellowships to ISEC trainees during the first nine 
erms and to 17 students during the 10th term. 


enit 8. Certificates : Out of the 29 students who joined the 10th term, one from India 
vn not complete the course. The remaining 28, having satisfactorily completed the 
tse, were awarded certificates at a function held on 5 April 1957. 


T 9. Students! activities : "The students were taken out on an educational tour to 

ae Nii M historical interest, such as, Agra, Banaras, Gaya and a Community Project Centre 
i i А с Е 2 1 

okheri near Delhi. Excursions were also organized to places of interest in and around 


Cal i 
С cutta, A souvenir volume covering the 10th term has already been prepared and is 
Vailable for circulation. 


of th 10. Symposium on the teaching programme of the ISEC : Advantage was taken 
tio © Presence of statisticians from various countries during the 25th Anniversary Celebra- 
ns of the ISI to organize a symposium on the teaching programme of the ISEC, which 
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was held on 26 December 1956. Among those who participated were Mr. A. Afzal (CSO, 
Pakistan), Mr. S. K. Banerjee (ISEC Student, Calcutta), Dr. C. Chandrasekharan (Ministry 
of Health, New Delhi), Mr. Q. M. Hussain (Dacca University), Prince M. C. Athiporn P. 
Ksemasri (CSO, Thailand), Mr. Faiz El. Khuri (ISEC, Beirut), Dr. N. Keyfitz Bureau of 
Technical Cooperation, Colombo), Mr. E. Lunenberg (International Statistical Institute, 
The Hague), Dr. A. Matthai (Indian Statistical Institute), Mr. R. Minobe (Bureau of Standards, 
Tokyo), Dr. P. B. Patnaik (CSO, New Delhi), Dr. B. Ramamurti (CSO, New Delhi), 
Dr. C. R. Rao (Indian Statistical Institute), Mr. S. Sen Gupta (Eastern Railway, Calcutta), 
Dr. M. Ziauddin (Punjab University, Lahore) and Professor A. Linder (University of 
Zurich). Professor Linder was the Chairman of the Symposium. On the basis of discussions 
at the Symposium, a committee on teaching courses was appointed consisting of six 
members nominated from among the participants. The committee made recommendations 
on different types of courses, curricula of the courses, system of examinations, award of 


certificates and the selection procedure of candidates. Some of the recommendations will 
be given effect to in the 11th term. 


3. PROFESSIONAL EXAMINATIONS 


l. Since 1938 the Institute has been conducting 
all-India basis for the award of certificates for computers a 
graduate diplomas for statisticians. These examinations 
Committee consisting of statistici 
examinations are open to all candidates who satisfy certain edue 
ing requirements, Paper-setting and examination of scripts are done 
by the Examinations Committee from both 
examinations are of a professional nature, 


professional examinations on an 
nd field investigators and of post- 
are conducted by an Examinations 
ans and economists selected from all over India. The 
ational and/or train- 
by examiners selected 
inside and outside the Institute. "These 


2. Apart from the examinations mentioned, the Insti 
ship and Associate Fellowship to candidates on the basis of certain regulations which are 


somewhat similar to those recently initiated by the Royal Statistical Society and are con- 
ducted by a standing committee appointed under the regulations. 


tute also awards its Associate- 


3. For statistical and computational posts in some 
tions, the Institute's diplomas and certificates are given 
degrees. 


Government and private institu- 
as much weight as university 


4. During the year under review, professional examinations were held twice, in 


September 1956 and in March 1957. In the September examinations, there were 121 candi- 
dates for Statistician's Diploma, 148 candidates for Computers Certificate апа 79 candidates 
for the Field Survey Certificate. The examinations were held at 8 Centres : Bangalore, 
Bombay, Calcutta, Giridih, Lucknow, Madras, New Delhi and Poona. 50 candidates were 
successful in at least one paper of the Statistician’s Diploma Examination; the corres- 
ponding figures for Computer’s Certificate and Field Survey Certificate were 136 and 24 
respectively. The March examinations commenced during the last week of the month; 
the number of candidates registered were 133 for Statistician’s Diploma, 180 for Computer's 
Certificate and 62 for Field Survey Certificate, The results of the examinations published 
during the year are given in Appendix 7. 
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4. NATIONAL SAMPLE SURVEY 


l. The National Sample Survey (NSS) is a country-wide fact-finding ageney 
operated jointly by the Government of India and the Indian Statistical Institute (IST), 


The Field Branch is under the control of the Cabinet Secretariat and the statistical work 


is done in the Institute. Although a large part of the work done in the Institute is of an 
Operational nature, a good de 


al of research and experimental studies are being carried on in 
the Institute to 


improve the design of the survey and the techniques of collection, 
Processing and analysis of the data. Only a general account of the work done during the 


year under review is given here. More detailed information will be found in 
8, 9, 10 and 11. 


2. 


Appendices 


The survey is organized in rounds, roughly two every year. The 10th round 
of the survey, which commenced in December 1955, was completed in May of the year 
under review, Immediately after this, a special survey was carried out 


at the request of 
the Ministry of Food and Agriculture. 


3. The field work for the 11th round was started in August 1956 and completed 
in February 1957. In addition to standard items, detailed information w. 
the desire of the Ministry of Labour, regarding agricultural labour, 
Position of agricultural 1 
Some information w. 
Committee, 


as colleeted, at 
such as size апа com- 
abour households, employment, wages, income, expenditure, etc. 
as also collected in this round, at the instance of the Standing Metric 
on different systems of weights and measures actually used in the country. 


4. The 12th round of the survey, which started early in 1957, was scheduled to 


е completed by August 1957. There was no substantial change in its scope 
introduction of 


The agricultur 


apart from 
a new schedule designed to ascertain the output of milk in the country. 
al labour enquiry was continued in this round and certain improvements 
ated in the schedules on the basis of discussions with the Agricultural Labour 


Unit of the Labour Ministry. The field training conference for this round was held in 
February 1957. 


Were incorpor 


5. The 5th round of the sample survey of manufacturing industries (SSMI), 


Covering the reference year 1955, started during the year under review. A survey of some 
Scheduled industries, listed in the First Schedule of the Industries (Development and 
Regulation Act, 1951), was conducted for the first time along with the 4th round of the 
SSMI. The Scope of the SSMI was extended in the 5th round to cover nearly all the indus- 
tries under the above Act. Several new items were introduced in the schedule with a view 
to Collecting information regarding various labour welfare measures. Information was 
also collected on the occupational structure of employment, with particular reference 10 
Skilled Personnel, which was urgently required by the Planning Commission. 


6. Considerable Progress was made in the preparation of reports. Ten draft reports 
Were got ready, out of which nine were submitted to the Government for obtaining clearance 
for final release; clearance was received for the publication of four reports and four reports 
Were in the press, Apart from these reports, information collected through the NSS was 
Supplied to a number of Government and other agencies. 

7. A large 
equipped machine 
(in the Army Stati 


part of the processing work of the NSS is done mechanically in adequately 
tabulation sections located at Baranagar (Calcutta), Giridih and Delhi 
stical Office). With the addition of one new machine unit each at the 
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3 stations, the present equipment comprises 2 IBM electronic statistical machines, 23 Ru 
15 tabulators, 5 multipliers, 5 collators, 21 reproducers and gang summary punches oi m 
Hollerith (IBM and BTM types) and 2 sorters, 1 tabulator, 1 interpolator and 1 multiplier 
of the Powers-Samas type. 

8. Two tabulators (type T. 5), 4 sorters, 20 automatic electronic key punch 
duplicators and 6 electrical verifiers, received from the USSR, through the UNTAA, 1 70 
duly installed. These new machines were serviced and maintained by the istitut Hee à 
The machines, which were rented from the Hollerith, IBM and Powers-Samas organizations, 
however, continued to be serviced by the respective firms. 


9. Special training courses were arranged with a view to an expansion of the 
operating staff. Out of 25 candidates, 12 successful candidates were absorbed at Baranagar, 
5 other candidates were recruited, trained and absorbed at Giridih and 18 other trainees were 
selected at Giridih for training. During the year, 7 trained machine operators left the 
Institute, which made it necessary to organize a second training course to fill the vacancies. 


10. In addition to the operational work, researches and investigations were taken 
up in the Research Unit and the Special Unit. The Research Unit was mainly engaged in 
studies for the improvement of the design of successive rounds of the NSS. This Unit made 
22 pilot studies (based mostly on small self-weighting samples) to assess the quality of 
primary material and the effectiveness of methods of collection of data and to explore 
profitable lines of tabulation and analysis. "The small size of the pilot samples and the 
simple method of estimation used made it possible for the technical workers to examine 
the material critically, judge its quality and recommend methods for improvement. 


ll. The work in the Special Unit related mainly to land utilization and crop 
Surveys. Among the investigations taken up during the year mention may be made of 
experiments on land surveys in areas (near Giridih) carried out in August-October 1950, 
a study of the distribution of harvestable fields on different days of a crop season in three 
areas in West Bengal (August-October 1956), experiments with sample-cuts of various 
sizes and shapes for estimating the yield of crops per acre; comparison of different methods 
of collecting information on crops (a team visiting 6 sample-villages per month on foot, 
а team visiting 12 sample-villages per month on bicycles; and a team visiting 24 sample- 
villages per month in а motor car), and a study to find out whether the rate of yield per 
aere of crops varies with the distance of the plot from the nearest road. 

12. Several other studies on S0cio-econo: 
were carried out during the year, such as a re-survi 
surveyed in April-September 1952), to study th 
which only 260 of the original households could 


investigator to study the accuracy of complete enumeration: 
on household consumption in Caleutta which was started in January 1957. 


13. A number of agricultural field trials were al 


So conducted in the Institute's 
own farm at Giridih to study the effect of different number 


5 of seedlings per hole, different 
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spacings between holes and different treatments of fertilizers in the case of paddy; the 
effect of fertilizers on sugarcane; and the progressive maturity of aman paddy transplanted 
according to the Japanese method. 


14. The Demographic Unit conducted a preliminary survey of family planning 
in 49 census blocks of Calcutta in the course of which married persons in 8000 households 
Were interviewed. A somewhat similar survey was made of the extent to which the benefits 
of hospital services were actually availed of in Caleutta by interviewing a sample of ex- 
patients of hospitals. 


15. Review Committee: Mention has been already made of the NSS Review 
Committee in an earlier section. The NSS staff derived much benefit on the technical side 
through personal discussions with distinguished members of the Committee. The recom- 
mendations made by the NSS Review Committee were examined by the NSS staff and the 
Views of the Institute were submitted to Government.* 


5. ELECTRONIC COMPUTATION 


l. An important part of the research activity of the ISI in recent years has been 
the development and utilization of digital electronic computation. A general purpose 
electronic computer, HEC-2M, which was received in February 1956, started work under 
full load during the year under review. A fair number of computational problems sub- 
mitted by the departments within the Institute and by other scientific institutions and 
Government departments were solved on this machine. Mention may be made of the 
following institutions from whom problems were received : 

(1) The Andhra University, Waltair; (2) The Indian Institute of Technology, 

Kharagpur; (3) The Indian Institute of Science, Bangalore; (4) The Indian Asso- 

ciation for the Cultivation of Science, Calcutta; (5) The Physical Research Labora- 

tory, Ahmedabad and (6) The Tata Institute of Fundamental Research, Bombay. 


2. The Institute staff not only maintained this complex and delicate machine 
but also spotted out the most frequent causes of breakdown and made a large-scale modifica- 
tion of the machine with a view to eliminating these causes. Some useful monitoring 
devices have already been added to this machine. Experiments have also been started 
to replace the mechanical switching device of HEC-2M machine by an all electronic switch. 

ome experiments on magnetic gates have also been made. 


3. A large number of electronic instruments, consisting of 10 synchroscopes, 
5 Q-meters, 6 pulse generators, 10 vacuum tube volt-meters, 4 quartz calibrators, 8 insula- 
tion testers, 10 ampere-volt meters, 8 universal resistance bridges, 6 tube testers, 15 volt- 
ohm Meters, 10 signal generators and a few audio-signal generators, were received during 
the year from the USSR under the United Nations Technical Aid Programme. The Russian 
machines received were maintained by the staff of the section and regular training on the 
ытын Mp] and operations of these machines was also undertaken. А number of 
of ju computational problems were solved on the Russian Tabulator by an ingenious setting 
5 plug-board, thus relieving the electronie computer of some of its load. 


- * Since then the Institute has set up a Special Committee consisting of Professor D. R. Gadgil, 
ri J.J. Anjaria and Sri N. C. Chakravarti. 
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4. Transferring data from 65-column Powers-Samas to 80-column TBM cards 
presented a serious problem in the Institute. (A machine for the reverse operation; that 
is, for transferring information from IBM cards to Powers-Samas cards, is available in the 
market). The design of a scrap reproducer was modified to solve this problem and a few 
thousands of cards were reproduced successfully in the new machine. 


5. A new method of finding the reciprocal of a matrix of a large order on electronic 
computers was evolved during the year. If the matrix happens to be singular, the 
method can dictate the presence of singularity and the coefficients of the linear 
dependence of the column (or row) vectors can be determined directly from the results 
of previous computation. The method has been successfully applied to the problem of 
inverting a matrix of order 34 which arose in connexion with an econometric problem. 
Several research papers on numerical analysis, applied statistics and electronic engineering 
were completed by the members of the staff. 


6. Mr. Konoplev, a senior engineer from the USSR, deputed by the UNTAA and 
Academician Dorodnitzin of the USSR Academy of Science, gave lectures during the year 
on the electrical system of the Russian tabulators and on the organization and activities 
of the Computing Centre of the Academy respectively. Mr. S. N. Alexander, Chief of the 
Data Processing Systems Division of the National Bureau of Standards, USA, whose visit 
was sponsored by the American Government, delivered 4 lectures on the research and deve- 
lopment of high speed electronic computers in the National Bureau of Standards and also 
participated in numerous technical discussions with the members of the Institute. 


7. Four engineers, deputed by the Departments of Radiophysies and Electronics 


of the Calcutta University, successfully completed training in electronic computation in 
the Institute during the year. 


6. STATISTICAL QUALITY CONTROL 


1. The Institute has been advocating since 1935 the use of Statistical Quality 
Control (SQC) in the country and since 1950 has been maintaining three SQC Units in 
Calcutta, Bombay and Bangalore with the help of grants from the Government of India. 
The programme included (a) introduction and maintenance of SQC in factories, (b) training 
and (c) promotion of SQC in general. Service, which is partly subsidized, is given to 


member firms on a fee basis. At the end of March 1957, there were 44 member firms on the 
roll as against 32 in March 1956. 


2. SQC Policy Advisory Committee : It would be recalled 
Advisory Committee was set up in 1954 under the Ch: 
then Finance Minister of the Union Government. 
held on 7 January 1957 Sri Deshmukh Suggested t 
the Government and as the work of the Institu 
Ministry of Finance to the Cabinet Secretariat, 
under appropriate Government sponsorship. All me 
and the Committee has since been reconstituted under the Sponsorship of the Cabinet 
Secretariat with the following membership: Sri C. D. Deshmukh, Chairman; Sri K- 


C. Neogy, Prof. P. C. Mahalanobis, Sri G. D. Somani, M.P., Sir Shri Ram Sri M. G- 
Kotibhaskar, Sri Vikram Sarabhai, Sri S. C. Jain, Dr. D. 8. Kothari, Sri 8. Ananta 


that the SQC Policy 
airmanship of Sri O. D. Deshmukh, 
In the year under review at a meeting 
hat as he was no longer connected with 
te had also been transferred from the 
the Committee might be reconstituted 
mbers present agreed to his suggestion 
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Ramakrishnan, Dr. Lal C. Verman, Dr. M. 8. Thacker, Sri S. S. Khera, Sri Vishnu Sahay, 
Sri P. A. Gopalkrishnan, Dr. A. Nagarajarao, Members and Sri Pitambar Pant, Member- 
Secretary. 

3. Mention was made in the previous year's report of the decis ion of the Ministry 
of Defence to set up a Statistical Quality Control Unit for the Ordnance Factories which 
would operate under the guidance in policy matters of the SQC Policy Advisory Committee, 
This Unit, it is satisfactory to note, achieved significant results in the very first year of its 
existence. 


4. SQC Unit, Calcutta: The Unit had 10 member factories on its roll as against 
8 in the previous year. Pilot investigations were conducted in 3 other factories and intro- 
ductory visits were paid to 4 others. The first series of courses for local industry was 
organized during the year which stimulated a demand for SQC service. An advanced Seminar, 
held in September-October 1956, was addressed by Professor Barnard of the Imperial 
College of Science and Technology, London. The introductory course on SQC attracted 
23 trainees from 16 factories while 16 trainees from 10 factories attended the advanced 
course. 


5. Arrangements were made during the year for close collaboration with the 
Research. and Training School (RTS). Three RTS trainees received practical training in 
SQC with the help of the Unit and the staff of the Unit participated in the RTS course on 
design of experiments. Lectures, talks and discussions were also organized as a part of 
the promotional activities of the Unit. 

6. Fresh recruitments of graduate assistants and technical assistants were made 
in the Unit during the year; and were placed in factories under senior technicians. Training 
Courses were organized for the benefit of managerial and technical staff in the industry. 
Special lectures by experts were also arranged from time to time. All staff members were 
encouraged to attend a course of 3 lectures on Operations Research by Mr. R. L. Ackoff 
already mentioned. 


7. Mr. D. J. Desmond, who joined the Unit in December 1955, was away for seven 
months in 1956. The Unit had the benefit of guidance from Mr. A. L. Raich during the 
Winter of 1956.57. Some experts who came by arrangements with UNTAA also helped 
the work of the unit during this period. The strength of the Unit was 10 technicians 
and 2 general assistants at the end of the year under review. 


8. 500 Unit, Bombay: This Unit had 16 member factories on its roll as against 
14 in the previous year. Apart from servicing the member factories, pilot studies were 
conducted in the Bombay Telephone Workshops and some testing work was undertaken on 
the Ambar Charkha yarn at the request of the All India Khadi and Village Industries Board. 


9. Lectures, talks, discussions and an exh ibition of “SQC in Industry" were 
organized by the Unit by way of promotional activities. Professor Barnard addressed a 
Meeting of statisticians representing different industries on 27 October 1956. Mr. A. Zeli- 
DOVSky, Deputy Chairman of the USSR Planning Commission and Mr. A. Polosukhine, 
Industria] Specialist to the USSR Economie Commission, also addressed a meeting held 
In their honour. Sri C. D. Deshmukh, President of the Institute and Chairman, Policy 
Advisory Committee on SQC, met a group of industrialists on 22 February 1957. Promotional 
Visits were also paid to 5 factories which subsequently enrolled themselves as members. 
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10. Three apprentices were trained in the Unit during the year under review. Five 
tatisticians who joined member factories during the period under review were also trained 
: the Unit. The staff consisted of 11 technicians, 2 persons for general administration and 
in e 
4 persons for miscellaneous and other work. 


11. SQC Unit, Bangalore: The Unit continued to serve 15 member sstablishments 
in Bangalore, Coimbatore, Madras, Salem and some other places. Promotional aue 
were undertaken in and around Bangalore. A number of talks, discussions and meetings, 
covering theoretical and practical aspects of SQC, were organized for the benefit of techni- 
cians, managers and other executives of several establishments. Mr. A. L. Raich gave a 
talk on “Cost Function in Quality Control" on 16 February 1957 and Mr. D. J. Desmond 
а talk on "Economies of Sampling" on 28 August 1956. Professor Srinagabhushana of 
the Unit contributed two technical papers on “Quality Control in Textile Industry" and 
“Testing of Textile Materials and Statistical Approach to Testing of Textile Materials.” 


12. Three assistants were recruited and given training during the year. The Unit 
also gave training in SQC to engineers belonging to the Industrial and Management Research 
Unit for Planning of the ISI by conducting a short term course in March 1957. A 10-day 
course on SQC was conducted by the Unit in Madras in summer, 1956 for training factory 
technicians. A discussion meeting was held in Madras in March 1956 in which managing 
directors and managers of 26 firms participated. 
for some of the establishments to undertake 
applying the methods of SQC. 


At their request, visits were arranged 
pilot studies to explore the possibilities of 


13. The strength of the technical and administrative staff of the Unit were 


respectively 11 and 5. Mr. Desmond worked for the Unit during the period April to 
August 1956. 


14. SQC Sub-unit, Coimbatore : This Unit had 10 factories on its roll as against 5 
last year. Besides servicing the member factories a number of talks and discussions were 
held on theoretical and practical aspects of SQC. 


7. WORK ON PLANNING FOR NATIONAL DEVELOPMENT 


7.1. Economie Planning 


l. It will be recalled that on 3 November 1954, Prime Minister Jawaharlal Nehru 
inaugurated studies relating to planning for national development in the Institute. The 
“Draft Plan Frame”, which was submitted in March 1955, was accepted as a basis for the 
formulation of the Second Five Year Plan. Professor N. Kaldor’s work on t 
had been undertaken on behalf of the ISI, received serious а; 
and was drawn upon in framing the budget of the Central Government. A small Operational 
Research Unit (ORU) was established and an Economic Wing (EW) was started in 1955.56. 
Work on planning in the Institute is being done from the Very beginning in collaboration 
with the Planning Commission, the Central Statistica] Organization вий the Economic 
Division of the Ministry of Finance. Attempts were made 


5 Ih various directions to organize 
the work with some emphasis on long-range or perspective planning 


2. Some studies were taken up on certain aspects of 
attempt was made to prepare an annual plan and, subsequ 


axation, which 
ttention in Government circles 


long-term planning and an 
ently, a projection covering 
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fifteen years yielding output targets for 1970-71. These results were not intended to have 
any bearing on immediate policy decisions but were exercises aimed at developing appro- 
priate planning techniques. Another study on long-term planning in more operational 
terms was under way towards the end of the year. Some studies were also undertaken 
9n problems in the transportation sector. 


3. A section was engaged in studies on inter-industry relations. A (34x 34) 
table for 1951-52 was converted into physical terms and the coefficients of the transformed 
table were used to set up a method for estimating prices warranted by existing institutional 
factors. A much larger table (116х116) for 1953-54 was completed and a similar table 
for 1954-55 was under construction. Meanwhile, attempts were made to present the input 
coefficients in the 1953-54 matrix with their errors of estimation. Preliminary studies were 
made on the estimation of levels of activity and levels of final demand. An experimental 
model for estimating the time-path of levels of activity in response to the assigned time-path 
of final demand was set up. A new method was developed for the solution of linear pro- 
gramming problems; as no rigorous proof could be worked out, studies were conducted 
to establish its validity. 


4. A third section worked on miscellaneous economie problems. A preliminary 
Study was completed on the degree on monetization in final transactions at the instance of 
Dr. Wilfred Malenbaum of the Massachusetts Institute of "Technology. Other studies were 
concerned with labour productivity, efficiency in relation to size of establishments, 
direction and pattern of foreign trade, availability of investible surplus excise taxes, 
regional variations of prices and the consumption pattern of the workers of the Institute. 
A te 
to employment, consumption, industrial output and land utilization; they also helped in 
the analysis and interpretation of NSS data. 


àm of workers cooperated with the NSS to prepare schemes of intensive surveys relating 


5. Working papers on various subjects were prepared during the year under review; 
a list is given in Appendix 12. 

6. A group of the workers in ORU and EW were posted in Delhi and worked in 
close collaboration with Government departments. Studies were undertaken on several 
Aspects of technical manpower and perspective planning by a group associated with the 
Planning Commission and the CSO. Work was also undertaken on a form for reporting 
Projeets included under the plan in collaboration with the CSO. 


7. A notable feature of the work on planning in the ISI was lectures by and dis- 
cussions with foreign scientists whose views and criticisms were of great value to the 
workers of the Planning Division. Special mention may be made in this connexion of 
Professor Charles Bettelheim (France), who spent nearly one year in the Institute with 
an assignment from UNTAA; Sir Robert Hall (UK); Professor Simon Kuznets (USA); Mr. 


Alvin Mayne (Puerto Rico)? Mr. A. Zelinovsky and Mr. A. Polosukhine (USSR) and 
Mr. J. P. Miller (USA). 


8. A delegation from the ISI visited China and Japan during summer 1956 to 
ү planning methods among other things. Apart from taking copious notes on the 
basis of discussions, the delegation managed to collect a good deal of valuable material in 
Chinese and Japanese. For translation of material of interest to planning, the scope of 


the Translation Unit set up under the Library was extended to cover Chinese and J: apanese 
languages, 
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7.2. Kalyanasri 


1. А special unit called Kalyanasvi was started on 28 February 1956 to study on 
an experimental basis (i) the extent to which production in household enterprizes and — 
could be increased, if the supply of raw materials and marketing of goods could be assured; 
(ii) the time required to train a person to enable him to earn a reasonable remuneration 
and (iii) in what way and to what extent similar units can be established under usual econo- 
mic and social conditions in Indian villages or urban areas. 


2. The headquarters and urban centre are located in some cottage built on the 
grounds of the Institute with equipment and some training staff provided by the Institute. 
The first batch of trainees consisted of about half a dozen girls, mostly displaced persons 
from East Pakistan who were without work, but the number rose rapidly to about 50 by 
August 1956 when the programme was more or less stabilized. Some of these workers had 
training in cottage industries and crafts and were employed on a piece-rate basis. Others 
had to be given some training. The Institute provided a small staff to carry out statistical 
and economie studies relating to the activities of the Unit. 


3. In addition, three villages were selected at a distance of about 15 to 20 miles 
from Calcutta, two in 24-Parganas and one in Howrah districts, A preliminary survey of 
all households engaged in cottage industry or crafts was carried out in each of these villages 
with a similar survey of a sample of other households which were selected at random. From 
the industrial households 15 were selected to carry out their respective crafts 


and enterprizes 
under experimental conditions with some assistance from the Institute. 


4. Two other rural centres were established in Midnapore district to carry out 


similar studies in among certain backward people under the guidance of Sri Nirmal Kumar 
Bose of the Calcutta University. 


5. Two types of data are being collected. One type relates to outlay on imple- 


ments, input of raw materials, labour, and other items of cost of production, sales, etc., to 
study the requirements of capital in relation to gross and net value of output, volume of 
employment and also the effects needed for organization, training and supervision. The 


other type of data relates to the level of living of the households under observation 
effect of the additional earnings on the 


were generated by the new income. 


and the 
pattern of consumption to find out what new demands 


6. In March 1957 there were 50 workers on the roll of the urban centre at the head- 
quarters of Kalyanasri, of whom 48 were women; 9 were engaged in spinning on Ambar 
Charka, 13 in weaving with semi-automatic flyshuttle and pit looms, 6 in tailoring and 8 in 
weaving Manipuri-style of fabrics and other artistic crafts. АП the workers were paid on 
a piece-rate basis, excepting 7 who were engaged in training and supervision. In the rural 
centres the development programme has been taken in hand since the close of the year under 


review except in Midnapore where a certain amount of work was done during the last part 
of the year. 


7.3. Industrial and Management Research Unit for Planning (IMRUP) 


1. The Council of the Indian Statistical Institute proved in March 1956 a scheme 
for the setting up of an Industrial Management Research 


Unit for Planning (TMRUP) with 
headquarters at Bangalore to study the problems of industrial management in both public 
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and private sectors. It started functioning from 1 April 1956 with two Directors (Dr 
Bhola D. Panth and Sri D. P. Basu) avd a skeleton clerical staff. The third Director 
(Sri R. Natarajan) joined in May 1950. 


2. The work of the IMRUP began with a preliminary symposium on the 


“Organization and management of public enterprizes" held in Bangalore in which 
representatives of industry and Government of India participated. 


3. Investigations were carried out in the fields of management, control and 
human relationship in respect of the Mysore Tron and Steel Works at Bhadravathi and a 
report on the basis of this study was submitted. Similar studies were in progress in the 
Hindusthan Shipyard (Private) Ltd., Vishkapattam and Sindri Fertilizers and Chemicals 
(Private) Ltd., Sindri. A report was also prepared on the work of the ISI itself. 


4. "The work programme of the \МЕОР was reviewed during the the middle of 
the financial year and an expansion of the scale of operation was decided upon. Eleven 
engineers were recruited towards the end of the year and a training programme was 
arranged for them, which included attendance at a course on "Operations Research" 
conducted by Dr. R. L. Ackoff from 28 January to 9 February 1957 at Bangalore. 


5. Sri В. Natarajan visited Japan and China (June-August 1956) as а member 


of the Institute's delegation and prepared a report on "Industrial Planning and. Growth 
in China,” 


6. IMRUP is yet in its formative phase. Economic development involves rapid 
industrialization in the country, particularly in the Government sector and the success 
of the plan will largely depend on the efficient management of the industrial concerns. 
IMRUP is expected to study and devise efficient methods of management in individual 
cases and offer diagnostic ‘and consultation service when there is need. 


7. "The headquarters of IMRUP are situated at Bangalore, although the Directors 
frequently visit the other offices of the Institute as well as industrial enterprizes. The 
Staff at the end of the year under review consisted of 3 Directors and 26 other members 
including ll engineers. 


7.4. Geographical Projects 


l. Located at IMRUP headquarters are also the offices of Dr. A. T. A. Learmonth, 

Who came from the Department.of Geography, Liverpool, to work with the Institute on 
6 August 1956 with an assignment from the United Kingdom under the International Tech- 
785 Assistance Scheme of the Colombo Plan. He is engaged on a pilot project for Regional 
hai aie Е which an attempt is being made to combine the geographical with the statis- 
шш iode низ leading to a new technique for economie surveys. Dr. Learmonthis 
E e objective isa micro-survey of the State of Mysore for the production of a series 
ides 155 0 ale the physical as well as the economic features. Dr. Learmonth is 
Keral perating with a macro-survey of the surrounding regions in Andhra, Mysore and 
a. so that the new method may be tried on both macro and micro scales. А 


90 5515 He ; 
5 consisting of officials of the Planning Commission, CSO and IMRUP assists 
r. Learmonth in his Work. 
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2. Before initiation of the above project Dr. О. Н. К. Spate, a well-known 
geographer, was in India for about a month and a half i October-November 1956, "s H guest 
of the Institute. А three-day conference was organized in the Planning Commission on 
19-21 October 1956 in New Delhi. Sri Guljarilal Nanda, Minister of Planning, inaugurated 
the conference on 19 October 1956 and Dr. J. C. Ghose, Member, Planning Commission, 
Prof. P. C. Mahalanobis and officials of the Planning Commission participated in the 
discussion. Besides Dr. Spate and Dr. Learmonth, Sri Mani Mohan Mukherjee, Central 
Statistical Organization, New Delhi, Dr. B. Ramamurti, Central Statistical Organization, 
New Delhi, Dr. V. Nath, Director, Programme Evaluation Organization, New Delhi, 
Dr. V. L. S. Prakasa Rao, Senior Lecturer in Geography, University of Madras, Dr. G. 
K. Ghori, Professor of Geography, Maharaja’s College, Mysore, Dr. O. P. Bharadwaj, 
Lecturer in Geography, Punjab University, Dr. R. L. Singh, Professor of Geography, 
Banaras Hindu University and Sri V. А. Phillippes, Delhi Town Planning Organization took 
an active part in preparing a broad scheme for the project. Subsequently another confer- 
ence was arranged in the Institute in Calcutta, on 24-25 November 1956 which was presided 
over by Prof. O. H. K. Spate and was attended by Dr. E. Ahmed, Ranchi College, Ranchi, 
Dr. S. M. Ali, Aligarh University, Prof. S. P. Chatterjee, Calcutta University, Prof. C. D. 
Deshpande, M. N. College, Visnagar, Prof. G. Kuriyan, Madras University, Dr. A. T. A. 
Learmonth, Liverpool University, U. K., Prof. P. C. Mahalanobis, ISI, Mr. M. P. Thakore, 


Punjab University College and Dr. R. L. Singh, Banaras Hindu University. 


8. SERVICE UNITS 
8.1. Machine Tabulation Unit 


The activities of the Machine Tabulation Unit have been briefly mentioned 
earlier in this report under NSS (paragraphs 4.7 to 4.9) and Electronic Computer Section 
(paragraph 5.4). The Strength of tabulation equipment at Baranagar, Giridih and Delhi, 
as in April, August and November 1956 are given in Appendix 13. 


8.2. Library 


nographs towards the end of the year under 


as before in the City Office at 9B Esplanade 
East, Calcutta and at Giridih. 


2. The Library acquired during the year 2873 volumes of books and monographs 
and received 1297 periodicals and annuals against 2717 volumes of books and monographs 
and 1190 periodicals and annuals last year. The total number of books, journals and other 
materials issued was 46,271 (to 995 Persons) against 38,055 (to 758 persons) in the 
previous year. 


3. Apart from routine work, other services rendered 
(1) bibliographical services; (2) a workers’ circulating library; 
lation from foreign languages and a language class in Russi 
records. Full details are given in Appendix 14. 


by the Library included : 
(3) news clippings; (4) trans- 
àn; and (5) maintenance of 
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8.3. Special Technical Unit 


1. The Special Technical Unit (STU) was formed at the instance of the Director 
on 1 April 1955 with a small staff. Its object was to take up urgent work whenever 
necessary and to train up promising workers. 


2. The demand increased rapidly and the STU had to be expanded considerably. 


An auxiliary Computing and Punching Unit, which had been established earlier, was first 
brought under the control of the STU and was completely integrated with the STU in 1956. 
During the last two years, about 50 workers were deputed or transferred after training in 
the STU to other departments. The STU prepared a draft report on the NSS data on 
investigators’ time records (Sth round) and some important tables with notes on the data 
relating to land utilization covering the 5th, 6th and 7th rounds of the NSS were under 
Preparation at the end of the year. The STU was also responsible for the collection of 
data and. various studies on cottage industries in the Kalyanasri. 


3. Evening classes were organized to give systematic training to the STU worker: 
In computation and project work. 


8.4. Workshop 


1. The Institute workshop functioned on an expanded scale during the year under 
review. The development section was responsible for the repair, maintenance and deve- 
lopment work of the Electronic Computer Section and served other research needs. 
The Design and Drawing Office attached to the workshop was reorganized in April 1956 
and acquired, during the period under review, complete drawing accessories including one 
ferro-printing machine made in the Institute. 


2. A prototype desk caleulating machine was manufactured and work in connexion . 


with a second machine, with major alterations in the control arrangements, was also com- 
pleted during the year under review. 


3. The precision work for transferring information from 65-column Powers-Samas 
Punched cards to 80-column IBM cards was successfully completed. The development 
Work on the punched card sorter machine was well under way. The principles of other 
Statistical machines were also being studied for developmental purposes. 


4. During the year, 434 desk calculators were repaired and 6 desk calculators were 
reconditioned almost from scrap. The workshop also looked after the repair and main- 
tenance of all motor vehicles of the Institute. 


? 5. Maintenance and installation of electrieal equipment developed rapidly; to 
Increase the capacity of the 200 k.v.a. transformer, two capacitators were installed. The 


Institute also acquired electric arc-welding plants, motors of various types, rectifiers, 
motor converters, portable electric tools, ete. 


Suid sd Ep сг being essential for the smooth operation of electzonio and 
BON xr I calona timg machines and also for the testing and maintenance of high preci- 

„ parts, the installation and maintenance of air-conditioning and refrigeration 
ES were taken пр. during the year. A maintenance shop with 3 workers was started for 
this purpose and installation of 4 machines with a capacity of 16 tons was completed. 
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7. During the period under review, the Institute received 218 pieces of те 
machinery through UNTAA valued at about 12 lakhs of roubles or about Be A E 
approximately, bringing the total to date to 236 items valued at about 13 ELS of roubles 
or about Rs. 15.5 lakhs. A large number of these units were installed during the year. 


9. SOCIAL AND WELFARE SECTION 
9.1. Medical Welfare Unit 
e 


1. In Calcutta and Giridih the benefits of the Medical Welfare Unit cover all 
workers of the Institute as also members of their families and include free consultation and 
service at the Unit, house visits to workers’ residences at a subsidized rate, and pres 
criptions served on a cost basis. Arrangements have been made by the Institute for 


providing medical aid to Institute workers and guests in the New Delhi Office also, 
though no separate unit has been set up there. 


2. The Calcutta Unit treated 10,803 patients against 8,819 in 1955-56; and 
supplied medicine worth about Rs. 13,500 to the workers against about Rs. 10,000 last yaa 
gave six-monthly inoculations against typhoid and cholera and yearly vaccination against 
small-pox; the benefit of anti-malarial measures was extended to the entire field staff and 


the Unit also looked after the sanitary condition of the Institute campus, including 
hostels and residential quarters. 


3. The Giridih unit treated about 2 


000 patients and supplied medicine worth 
about Rs. 2,600. 


4. There is also a Health Home at Giridih 
built on a plot of land received as a gift from 
with the help of a donation of Rs. 5,150 from th 
was opened by Dr. Frank Yates in March 1956. 


for convalescent workers, which was 
Sm. Nirmal Kumari Mahalanobis partly 
е Soviet scientific delegation in 1955 and 


9.2. Rehabilitation Loan to Refugee Workers of the Institute 


A loan of Rs. 6,451 was granted to 10 wo 
during the period under review, A total of 
Institute workers during the year, the bene 


rkers of the Institute for house-building 


Rs. 13,435 was spent for educational help to 
ficiaries numbering 425, 


9.3. Night School and Adult Literacy Drive 


The Institute provided accommodation 


and some essential equipment to the Night 
School which made steady progress during th 


е year. Out of the five students sent up 
for the School Final Examination, three proved successful. At the beginning of the new 
session, there were 106 students on the roll of the 


workers of the Institute. 


9.4. Public Relations Work 


Publie interest in the Institute has increased co 
larly since work was started on national planning. Ove 
Institute during the year under review, and the list [n 


nsiderably in recent years, particu- 
t 600 visitors were shown round the 
f visitors contained many eminent 
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names. A Bengali translation of Professor Mahalanobis’s radio talk on “Approach to 
Planning" was published during the year under review. 


9.5. Guest House 


The ‘Institute maintains a Guest House for visiting scientists and experts ; 
during the year under review practically all guests from abroad preferred to stay in the 
Institute, as this not only eliminated long journeys from the city but gave them the oppor- 
tunity Of more intimate social contacts within the Institute. As it became necessary to 
receive a very large number of foreign guests at the time of the 25th Anniversary in 1956, 
some hutments were erected to provide accommodation. During the year under review 
accommodation was provided for (а) 140 foreign and (b) 36 Indian guests with a total 
ОЁ (c) 549 and (d) 2636 guest-days respectively, or for (е) 176 guests for 3185 guest-days 
altogether. The Guest House made arrangements for showing the visitors round Caleutta 
and its environments and visits to cultural shows (dance, drama, music, cinema, etc.). 


9.6. Canteen 


The Institute Canteen continued to serve subsidized tiffin and provide meals 
and refreshments broadly on a cost basis. It also took charge of catering arrangements 
for the numerous Institute receptions and functions. About 1400 workers availed them- 
Selves of the subsidized tiffin daily and about 100 workers had other daily meals. The 
canteen had a staff of 35 and a total turnover of Rs. 1.9 lakhs during the year under 
review. 

9.7. Cultural and Other Activities of Workers 


A considerable expansion of the cultural and other activities of workers was noticed 
during the year. The ISI Workers’ Club at Baranagar, the ISI Field Workers’ Club with 
headquarters in Caleutta and the Salboni Club at Giridih organized usual sport-meetings and 
recreations and cultural activities. A journal under the name of Lekhan was brought out 
by the ISI Workers’ Club at Baranagar, which also runs a fairly popular Cooperative 
Credit Society. The representative workers also maintained contact with the adminis- 
tration to draw attention to the grievances of workers and to offer suggestions for the 
Improvement of conditions of work. 


9.8. Samvadadhvam 


The second issue of the Institute Workers’ House Magazine, Samvadadhvam'' 
came out in October 1956 with Bengali and Hindi supplements. A special anniversary 
number of the journal was published in March 1957. 


10. EXTERNAL ACTIVITIES 


1. Professor P. C. Mahalanobis left India on 8 April 1956 accompanied by Mrs. 
Mahalanobis to attend the Ninth Session of the United Nations Statistical Commission held 
In New York (16 April to 3 May 1956) as Chairman of the Commission. At the invitation 
of H. E. the Governor of Puerto Rico, Professor and Mrs. Mahalanobis went to San Juan for 
a visit of one week beginning on 6 May 1956 to see what was called “Operation Bootstrap" 
and which was intended to celebrate the turning point in the progress of the national 
economy, when the contribution of the industrial sector overtook that of the agricultural 
Sector to the national income. Professor Mahalanobis visited the Planning Board and the 
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Department of Economic Development, and had discussions with the members af bon ded 
of these agencies and also with the Governor and iome of the members of a 
He also spoke on Indian planning at an economic seminar. On his return M USA, he 3 
to Washington, where he met a number of leading economists and businessmen and also 
visited and had discussions at the Bureau of Standards and the Bureau of Census: He 
gave a lecture on planning in India and had some discussions at the Yale University and 
the Cowles Commission for Research in Economics. 


2. Professor Mahalanobis gave two public lectures on planning in India, а subject 
in which considerable interest is taken in the USA— one at the New India House in New 
York, arranged by the Indian Embassy and another at the Economists’ Club at the United 
Nations Headquarters. He also participated in a discussion meeting on the subject at the 
Columbia University held under the auspices of the Faculty of Economies. He received 
invitations from a number of other places in the USA, but the whol 


e programme had to be 
cancelled, as he was taken ill. 


His illness made it necessary also to cancel his scheduled 
trips to Japan (where a delegation from the Indian Statistical Institute w 
him) and from there to China. Professor Mahalanobis left USA on 4 
short halt in London, returned to India on 12 J uly 1956. 


as waiting for 
July, and after а 


3. A delegation from the IST consisting of Sri Pitambar P. 
and Sri В. Natarajan visited China and Japan during summer 
Studied various aspects of planning in these countries and returne 
valuable materials. Full details are given in Appendix 15. 


ant, Sri M. Mukherjee 
1956. The delegation 
d with a great deal of 


4. Dr. C. R. Rao attended the Third АП Union Mathematical Conference in Moscow 
from 24 June to 5 July 1956. He presented two papers at the Conference in 
on Estimation and another on the Analysis of Growth C 
institutes of statistical education in the USSR. 


Moscow— one 
urves; and also visited several 


5. Sri D. B. Lahiri attended, as а member of the Indian Delegation, the Fourth. 
Regional Conference of Statisticians organized by the Economic Commission for, Asia and 


the Far East at Bangkok from 26 March to 6 April 1956. He made many contributions 
to discussions on census problems and methods. 


6. The following members of the staff of the Institute attended the 
Session held in January 1957 at Calcutta and 


discussions: Debabrata Basu, Indra Mohan С} 
Chandra Das, Bhagabat Das Gupta, A. E. Ha 
Samarendra Kumar Mitra, 8. Janardan Poti, 
Roy, Subodh Kumar Roy Choudhury, 
Varadarajan. 


Science Congress 
presented papers and/or participated in the 
hakravarty, Sibabrata Chatterjee, Bhupendra 
rper, Radha Govinda Laha, Sivkumar Mitra, 
C. S. Ramakrishnan, C. R. Rao, Jogabrata 
Satya Prakash Sangal, Tapas Kumar Sen and V. S. 


7. S.Naqvi, N. K. Chatterjee, Sitangshu Bhattach 
the Indian Economic Conference and Tndian Agricultura) 
December 1956. 


aryya and Chitta Mitra attended 
1 Conference in Cuttack held in 


8. 8. Sen Gupta, A. Chakravarti, 


Ж A. Biswas, Ajit Das Gupta and N. C. Ghosh 
attended the Preliminary Conference on Research on National Income held in New Delhi 
in February 1957, 
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9. Dr. Rhea S. Das served as а personnel selection consultant to Hindustan Air- 
craft (Private) Ltd., Bangalore. 


10. Dr. C. R. Rao served as a member of Board of Studies in Statistics in a 
number of universities. Many other members of the Institute staff served on various 
Committees and actively participated in scientific and technical activities organized 
by other institutions and agencies. 


11. VISITING SCIENTISTS 


l. As in previous years, the Institute was fortunate in having a number of distin- 
guished scientists from various countries as visitors. Some of them came as visiting 
professors to work in the Institute for several months, while others came for shorter periods 
of work partieipating sometimes in lecture or seminar activities. In addition, some 25 
Seientists came from abroad to participate in the lectures and seminars arranged in connex- 
ion with the 25th Anniversary Celebrations of the Institute held in the winter of 1956-57. 


2. An aecount of the work of the visiting scientists who stayed for a relatively 


long period is given below. 


1&2. Pnorzsson J. В. S. HALDANE and Mrs. HALDANE (Dn. HELEN Spurway), University 
College, London (July to September 1956). Professor Haldane delivered eight 
lectures on biometry, three lectures on 'genetical effects to be expected from arti- 
ficial radio-activity, and one on ‘occupational mortality.’ These lectures were 
attended, besides workers and students of the Institute, by representatives from 
other scientific institutions as wellas by members of the public interested in the 
subjects. He also conducted a series of experiments on the behaviour of air- 
breathing fish in collaboration with Mrs. Haldane as noted earlier in the report. 
Arrangements were also made for Professor and Mrs. Haldane to visit a number 
of scientific institutions and universities, where they delivered lectures on subjects 
of general scientific and cultural interest as also on topics connected with statistical 
methods in Biology. The institutions visited by them were: Indian Council 
of Agricultural Research, New Delhi; Indian Central Jute Committee, Calcutta; 
Central Leather Research Institute, Madras; Delhi School of Economics, Delhi; 
Indian Institute of Technology, Kharagpur; Central Building Research Institute, 
Roorkee; Indian Institute of Science, Bangalore and the Universities of Allahabad, 

M Andhra, Annamalai, Mysore, Nagpur, Poona and Bombay. 

"5 PROrBSSOR С. A. BARNARD, Imperial College of Science and Technology, London, 
(September to October 1956). He delivered a course of lectures on statistical 
inference with special reference to current controversies and industrial applications 
oF Statistics. He worked with the SQC Unit in Calcutta and took an active part 
in the SQC Conference held on 1 October 1956 and drew up a report on the basis 
of discussions. He went to Delhi and Bombay on short visits and gave lectures 
1 85 on SQC methods and their applications in India. At Bombay he also met 

presentatives of industry for discussion. 


4. Dn, ч 
R. L. Acxorr, Group Director, Operations Research, Case Institute of Technology, 


Ohio, USA (January to March 1957). As already mentioned he gave a course 
of lectures on operations research. 
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5. Dr. Amar С. BosE, Massachusetts Institute of Technology, USA, ame to the 
К Institute with а Fullbright Scholarship (September and October 1900). Не 
delivered а course of lectures on non-linear system characterization, filtering and 
prediction. Ag мр 
6. PROFESSOR SMON Kuznets, Johns Hopkins University, USA (December 1956 to 
February 1957) came to India accompanied by his wife, as guests of ihe 
Institute. .Apart from participating in various discussions, he made a critical 
evaluation of the present position of national income estimation and prepared а 
report on the subject, a copy of which has been submitted to the Government. 
He took a leading part in organizing the Preliminary Conference on Research on 
National Income held in New Delhi in February 1957. He also gave some lectures 
and had discussions in Delhi. He attended the Indian Economic Conference held 
in Cuttack on 26-28 December 1956. 


7. MR. Arvis Mayne, Planning Board, Puerto Rico (February to April 1957). He worked 
mostly on the organization of planning activities of the IST 


connexion the offices of the Institute in Delhi. 
lectures and participated in discussions and meetings there on Planning. 


8&9. Mn. A. F. 7Етлхоузкү, Deputy Chairman, Planning Commission and Mr. A. I. 
POLOSUKHINE, Deputy Chief of Machine Building Department and Member of the 
State Economic Commission, USSR (November 1956 to January 1957). They 
helped in the work of planning, particularly in the field of heavy machine 
building industry and long-range planning. They stayed mostly in Calcutta and 
Delhi and also paid a short visit to Bombay in connexion with their work. 


, Visiting in this 
Besides, he gave a number of 


10. Dr. J. P. MILLER, Yale University, USA (Dece: 
Miller’s itinerary in India included a v 


ministers, members of the Planning Commission and Government officials. He 
also paid visits to Madras, Bangalore, Mysore and Bombay, where he had 
discussions with prominent people in the field of industry, administration and 
finance. Both at Calcutta and Bangalore Dr. Miller delivered some lectures on 
‘industrial administration and management.’ 

11 & 12. Sm Ковквт HALL, Economic Adviser to the Treasury of the Government of UK 
and LaDy Harr, Staff member of the University of Oxford (October to November 


mber 1956 and January 1957). Dr. 
isit to Delhi, where he had talks with 


1956) participated in a number of discussions on planning in Calcutta and New 
Delhi. Sir Robert gave a few lectures on planning; he also prepared a memorandum 
on the possible role of ISI in the field of applied economic research necessary 
for governmental purposes. 

13. PROFESSOR J. S. Neyman, Statistical Laborato 
in the Institute from December 1956 to Feb: 

14& 15. Mn. Leo HUBERMAN, Editor, Monthly Review, New York, USA and Mrs. 
HUBERMAN also visited the Institute (January to March 1957). 


FOREIGN LECTURERS 
The following scientists, who came to the Institute 


"y of California University, stayed 
ruary 1957. 


Rm ы : On brief visits, gave lectures and 
took part in discussions in the Institute. 
1. Mr. Karras Docror, International Labour Organization, Geneva (February 1957)- 
Lecture: Statistical work of the ILO. 
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bo 


PROFESSOR G. L. STEBBINS, Chairman of the Department of Genetics in the University 
of California (January 1957). Lecture: Non-biometrie analysis of natural variation 
in plants. 

3. Dn. A. T. Buanvcua REID, University of Oregon, USA (August 1956). Lectures: 

(i) Estimation of exponential parameter associated with Murkoff’s process, (ii) 

Comparison of populations whose growth can be described by a branching stochastic 

process and random elements in Orlion spaces. 


4. Dr. NATHAN Krvrrrz, Dominion Bureau of Canada (July 1956). Lecture: Population 
sampling in Canada. 


c 


Мв. L. Fiscuman, Puerto Rico (12 December 1956 to 12 February 1957). He participat- 
ed in the work on planning and attended the preliminary conference on Research 
in National Income in New Delhi, apart from delivering a few lectures. 

INDIAN LECTURERS 

The following lectures were delivered by Indian statisticians and economists. 

1. Prorrssor К. V. KRISHNA Sastry, University of Madras (May 1956). Lecture: 
Consumer’s demand for products of cottage and small scale industry. 

PROFESSOR S. K. EKAMBARAM, University of Mysore (August 1956). Lecture: Control 
charts in production. . 

Pnorzsson J. K. PARANJAPE, Sydenham College of Commerce "T Economics, Bombay 
(November 1956). Lecture: State enterprises in India and Planning in Poland. 

4. SRI Jaos Sixau, Railway Board (February 1957). Lecture: Foundations of 
Probability. 

DK. K. (8 BANERJEE, State Statistical Bureau, West Bengal (August 1956), delivered 
a course of six lectures on Index number. 


The above list does not include the large number of lectures and seminars arranged 
in connexion with the 25th Anniversary Celebrations of the Institute. A list of 
these lectures is given in Appendix 2G. 


12. GENERAL ADMINISTRATION 


l. Membership: The position of membership of the Institute during the year 
under review was as follows: 


new members total number 

enrolled during at the end 

the year of the year 
Honorary members nil 8 
Life members nil 47 
Ordinary members 33 179* 
Sessional members nil 9 
Student members nil 21 


9 
2. Council: 


The Council held 16 
(6 (6 April 1956): 


The names of the members of the Council are given in Appendix 16. 
meetings during the year. Among the important matters considered 
bringing into force amended rules 11 and 14 (5 May 1957); appointment of 


* а] 
only 179 neo actual number of ordinary members on the roll was 531 on 31 March 1957 but of theso 
Were offective members. 
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a panel of auditors (13 June 1956); arrangements of 25th anniversary celebrations, giving 
effect to amended rule 11А (25 August 1956); amendment of provident fund rules by 
making provision for sanction of loans for housing purposes, nares of — allowance 
(28 August 1956); consideration of the Indian Statistical Institute Bill, 1056 (14 and 
22 December 1956); introduction of new pay-scale (18 December 1956); changes in some pay- 
scales, revision of leave rules of workers on a daily wage basis and field workers, revision 
of rules guiding employees' and employers' contributions to the provident fund (4 February 
1957); renewal of agreement with Statistical Publishing Society (29 March 1957). The 
meeting of 22 December was held jointly with a meeting of the Governing Body. This 
meeting discussed in detail the proposed legislation for declaring the Institute as an institu- 
tion of national importance and set up a Committee consisting of Sri C. D. Deshmukh, 
Sir Shri Ram, Sir D. N. Mitra, Professor D. R. Gadgil, Professor K. B. Madhava and 
Professor P. C. Mahalanobis to examine the proposed legislation and submit their report 
to the Council. 


3. Governing Body: The Governing Body of the Research and Training School 
met at New Delhi on 9 October 1956 and at Caleutta on 22 December 1956. Sri C. D. 
Deshmukh, President, presided over both the meetings. The Finance Committee of the 
Governing Body met on 9 October 1956 at New Delhi. (The names of the members of the 
Governing Body, the Finance Committee and other Committees set up by the Council are 
given in Appendices 17, 18 and 19). 

4. Finance Committee : The Finance Committee of the Council met on 4 February 
1957 and took important decisions in respect of changes in certain pay-scales, changes in 
rules guiding leave and leave salary on medical certificates and changes in employees’ 
and employers’ contribution to Provident Fund. 


5. General Meeting: At a General Meeting of the Indian Statistical Institute, held 
on 20 April 1957, certain amendments to the rules of the Institute were approved. The 
Annual General Meeting of the Institute was held on 29 October 1956. 


6. Board of Management: A Board of Management was appointed on 28 August 
1956 with Professor Mahalanobis as Chairman, Sri Sidhartha Banerjee as member-secretary 
and Sri D. B. Lahiri, Sri M. L. Ganguli, Sri Samar K. Mitra and Dr. C. R. Rao as 
members. The Board was entrusted with the general management of most of the operative 
departments and some common services sections. During the period under review the 
Board held 17 meetings and took decisions on 116 items. 


7. Cost Accounting Section: This section was concerned with evaluation of output 
records of operational items, supplied by primary workers of project divisions, in terms of 
equivalent standard hours. Besides the usual primary workers, technicians, supervisors 
and others in senior cadres in the NSS regularly supplied their weekly diary records to this 
section for analysis and for the working out of standards for various technical jobs. As 
the incentive bonus scheme was practically withdrawn during the year under review, the 
Board of Standard also ceased to function. 


8. Calcutta City Office : The Calcutta SQC Unit had its office during the year 
at 9B Esplanade in the city. This office was also used for general administration work 
and for meetings and lectures of the Institute. The Institute has two other offices in 
the city, one at 294/2/1 Upper Circular Road, Calcutta-9 and the other at 210 Cornwallis 
Street, Calcutta-6. 
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9. Headquarters : During the year under review hutments (with asbestos roofing) 
Containing 20,000 sq. ft. of internal floor area were constructed at 202 and 203 B. T. Road. 
In addition, two cottages (also with asbestos roofing) with a floor space of about 8,800 
Sq. ft. were constructed in the northern and eastern parts of 202 B. T. Road to provide 
accommodation for the guests who attended the 25th Anniversary Celebrations in December 
1956 and later on for visiting scientists, trainees of the International Statistical Education 
Centre and officers on deputation for training or work. Certain other temporary 
structures were put up and extensions made to existing struetures to meet a variety 
of purposes including the storing and maintenance of Soviet equipment received 
through the UNTAA. 

10. Giridih Office: A fair amount of construction and repair work was done 
under the Giridih office during the year under review. As already mentioned, a Health 
Home was opened at Giridih in March 1956. Various experiments and surveys were 
carried out under the direction of the Giridih office, further details of which are given in , 
Section 4. 

ll. Delhi Office: The office at Delhi continued to function at 8 King George 
Avenue as a link between the Institute and the Cabinet Secretariat, the Central Statistical 
Organization, the Planning Commission and various other Government departments 
and other agencies. à 

12. Bombay Office: The Bombay Office helped the Bombay branch of the 
Institute in carrying out the work of the 11th round of the NSS in the Bombay city. The 
Office also helped in conducting professional examinations of the Institute at the Bombay 
Centre. A series of lectures were also organized as mentioned subsequently in the report 
on the Bombay branch of the Institute. The activities of the SQC, Bombay Unit have 
already been mentioned. 

13. Field Branch: The field branch of the Institute, the office of which is located 
а 294/2/1 Upper Circular Road, Caleutta-9, took up a series of experimental surveys 
Over and above the field work in eonnexion with the National Sample Survey in West 
Bengal, Some of these special surveys have already been covered in the sections on 
Project work. 

M l4. Distribution of staff at different centres: The following table shows the distri- 
B 1 of the staff at Baranagar, Calcutta, Giridih, Delhi, Bombay and Bangalore as on 
ebruary 1957 as compared with the figures at the end of the previous (financial) year. 


Figur 
ber are also shown for the field branch maintained under the direct control of the 
Institute f 


— or sample surveys and special enquiries. 


contre general workers subordinate staff total 
1956 1957 1956 1957 1956 1957 
ашна Hondquartors = 
Calcutta, City 756 907 290 390 1046 d 
iridih 9 99 9 7 18 9 
Delhi 100 100 29 33 129 3, 
D 28 5 8 33 
Вапше 800 10 14 1 4 11 18 
MRUP (Bangalore) 1 24 3 H 1 28 
Statistical 
ың Branch including 912 1122 335 449 1247 1571 
a 5 
EA 8 132 145 41 41 173 186 
total 
— 1044 1267 376 490 1420 1757 
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15. Changes in senior staff: The staff of the Institute was strengthened during 
the year by the addition of the following persons: Sri D. P. Basu joined IMRUP on 2 April 
1956; R. B. Banerjee joined the Electronics Section on 1 August 1956; Dr. Raghuraj Bahadur 
joined the RTS on 1 December 1956; Sri Teru Sasaki joined the Planning Division on 
12 December 1956; Sri K. V. Ramachandra joined the IMRUP on 2 January 1957. 
Dr. Des Raj went on leave in September 1956 to take up an assignment under the American 
University of Beirut. Sri Ranjan Som was given leave for one year to accept а post of 
Statistician under WHO at Colombo. Sri К. Naqvi of Aligarh University worked in the 
Institute for about 9 months. Dr. Asoke Rudra was given leave for two years for higher 
studies in France. 


The following persons left the Institute during the year: Sri Mohi Mohan Mukherjee 
left in August 1956 to join Philips Electrieal Co. (India) Ltd.; Dr. P. K. Gopalkrishnan 
left in September 1956 to join Delhi University; Sri 1. В. К. Sarma left in December 
1956 to join the National Council of Applied Economie Research. 

16. Obituary: (1) The sudden and unexpected death of Professor J. M. Sen 
during this year was a great blow to the Institute. The late Professor Sen had a heart 
attack while coming to the Institute on 29 August 1956 and died in hospital the next day. 
He had been a member of the Institute for six years and a member of the Council for five 
years. At the time of his death, he was Secretary of the Examinations Committee of the 
Institute, an office which he had held for a year and a half. He had served the Institute 
with great devotion and initiative and earned the respect of everybody who came in 
éontact with him. The Council of the Institute recorded its deep sense of sorrow at his 
sudden passing away in an appropriately worded resolution at its meeting held on 
5 October 1956. 

(2) The Institute also suffered another grievous loss in the sudden and untimely 
death on 23 February 1957 of Professor J. B. Saunders, who had joined the Institute as, 
a Professor of Economics on 23 January 1957. The Council mourned his death at its 
meeting held on 2 March 1957. 

17. Sankhya: The Indian Journal of Statistics: Parts 3 and 4 of Volume 16 and 
all the 4 parts of Volume 17 of Sankhyà containing in all 40 papers and 2 reports were 
published during the year. There was a separate issue containing papers on design of 
experiments. In addition, there were papers on sample surveys, time series analysis, stoc- 
hastic processes, etc., as well as some important contributions on the Second Five Year Plan 
of India. Part 1 of Volume 18 of the journal was in press at the time of writing this report. 


There has been a steady increase in the demand for the journal and a number of new sub- 
scribers were enrolled during the year. 


13. BRANCHES 
— 
b 
13.1. Bombay Branch 
1. Membership: At the close of the year under review, there were 44 associated 


members, 3 ordinary members and 1 life member of the branch. The names of office- 
bearers of the branch are given in Appendix 18. 


9. Sample Surveys : The branch carried out the field work in connexion with 
the eleventh round of the NSS in Bombay City from August 1956 to February 1957. The 
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field work of the Pilot Enquiry into the household purchase of products of factories and 
cottage and small-scale industries in Bombay was completed during the year. The branch 
also published a report on the “Survey into the economic conditions of middle class 
families in Bombay City.” 

3. Institute Examinations: The Statistician’s Diploma Examination was con- 
dueted at the Bombay Centre in September 1956. 

4. The Rt. Hon. John Strachey, M.P., Professor Oscar Lange, Mr. A. Zelinovsky, 
Mr. A. Polosukhine, Professor J. Neyman, Mr. J. P. Miller, Sir Robert and Lady Hall, 
Professor and Mrs. Simon Kuznets and Mr. and Mrs. Leo Huberman were among the distin- 
guished visitors to the branch during the year. 

5. The activities of the SQC Unit in Bombay have already been described in 
Section 6. 


13.2. Mysore State Branch 


l. Membership: At the close of the year, there were 29 ordinary members, 
2 sessional members and 2 life members bringing the total membership of the branch to 33. 
The names of the office-bearers of the branch are given in Appendix 18, 

1 2. Statistical Surveys: A pilot sample survey was undertaken on “Job satisfac- 
Чоп among workers in industrial concerns in Bangalore; the scheme for another pilot 
Sample survey on “Variation of output efficiency during a shift and in different shifts" was 
drawn up during the period under review. 

3. Institute Examinations : Statistical Field Survey Certificate Examination was 
Conducted at the Centre in September 1956. 

4. Training classes and lectures: In response to requests from various industrial 
establishments, the branch conducted a seven-week course on “Methods of statistics for 
quality control worker.” ‘Lectures were organized on different subjects. Professor J. 

eyman gave a talk on “Probability, Statistics and Inductive Behaviour.” 


13.3. Aligarh Branch 


health 1. The activity of the branch suffered a set-back as a result of the continued ill 
Presid of its President, Professor D. P. Mukherjee. Dr. Zakir Emsam, who as first 
Wes (n of the branch had taken active interest in its work, relinquished the office of 
Vities ancellor of the Aligarh University during the year, a fact which affected the acti- 


A of the branch to a certain extent. The names of office-bearers are given in 
Ppendix 1g. 


2. The branch undertook an intensive survey on the process and magnitude of 

fiho. oa in two villages. А study of under-employment in two willages was also 

Aligarh en and a report submitted to the parent body. A survey of local industries in 
Was also carried out and a brief report prepared. 


income 
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Indian Statistical Institute : Receipts and Payments Account 


—————————————————————————————— 


To Receipts 


1. Opening Balance: 


to 


i) Cash in hand and at Banks with Central Office 
ii) With brancbes and sub-offices 


iii) Unadjusted suspense of 1955-56 


Advances recoverable : 


i) From Capital Expenditure account as per last 
account 


ii) Educational and house building loan etc, due from 
staff as per last account 


Membership subscription 


- Fees for tuition and training 


Examination fees and other receipts 


. Receipt by recovery of expenses incurred for training 


Seminar fees received by IMRUP 


S. Q. C. membership and training fees including service 
charges 


Block and Project grants from the Government of India 
‘or— 


i) Research, Training and General purposes 
ii) International Statistical Education Centre 
iii) Statistical Quality Control Sector 


iv) Electronic Laboratory and Computing machine 
Sector 


v) Economie Wing 
vi) Operational Research Sector (for Planning) 


vii) Industrial and Management Research Unit for 
Planning 


viii) Utilisation of the UNTAA (Soviet) equipment 


ix) Multipurpose National Samplo Surveys 


140 


1,49,682 4 0 
14,984 1 0 
Ee 
8,07,200 0 0 
92,000 0 
1,24,000 0 
2,42,000 
2,65,500 
3,49,000 0 
1,74,000 0 0 
2,53,000 0 0 
42,54,500 0 0 
ا‎ 


Carried over 


Rs. As. P. 


1,38,641 5 10 


1,64,666 5 0 


4,084 9 0 


97614 6 U 


65,61,200 0 0 


— —t— 
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(current expenditure) for the year ending 31st March 1957 
FFF. с ug pM CRM NU RE 


By Payments 


Rs. As. P. Rs. As. P. 
l. (i) Salary, dearness allowance, honorarium ote. Yd 34,45,569 10 
(ii) Employer’s contribution to workers’ Provident 
Fund 2 E "m T 144060 7 6 
(iii) Overtime allowances d 5» we 1,31,057 13 6 
— — — 37,20,087 15 9 
9. Contribution to Leave Salary Fund zx 2 2,000,000 0 0 
3. Contribution to Gratuity Fund .. € „> 1,50,000 0 0 
` Travelling allowances 1,70,147 10 3 


Visiting Professors, Fellows, Foreign experts and 
Scientists ete. ; 


i) S. Q. C. Sector i T vu 93,550 7 0 
ii) O.R.U. Sector .. s z es 94,939 13 6 
iii) UNTAA Soctor es а 25 34,462 0 6 
iv) N. S. S. Sector .. ss " us 81451 11 0 
2.34413 0 0 
V) Research and Training Seetor (transfer to fund 
account) 5 8 p Ж ES 60,000 0 0 
— 2,94,413 0 0 
6. Scholarships, stipends and assistance to trainees of the 
R. & T. School (transfer to fund account) .. 1,50,000 0 0 
7. Disbursement of fellowship allowanee to ISEC trainees 
under Colombo Plan ET e x 63,307 8 6 
8. Prizes to workers for initiative etc. اید‎ ui 24,000 0 0 
9. Machino Tabulation expenses : 
a) Hiro and maintenance of tabulating equipment, 
key punches and verifiers including freight, tran- 
Sport, electricity charges etc. 7.73.904 6 3 
b) Cost of cards, cabinets etc. T .. 2,57,693 6 3 
¢) Payments to IBM, BTM, Powers-Samas and Gokhale 
Instituto of Politics and Economies, Poona for 
tabulation of N.S.S. data ši si 73,660 15 0 
Ue Hess — 11,05,258 11 6 
n. Boer and publication (including paper for printing) 1,01,479 15 0 
12. Wea, type activities " а xs 30,49 2 5 
13. “a expenses ars ate % зз 1 6 
14, кр aa Journals (including cost of binding ete.) .. 75,117 2 1 
15, з ation Unit set up in Japan for planning purposes 24,468 11 0 
16. — photo and microfilm Pe, " 18,101 12 3 
oratory and workshop stores, tools and minor acces- 
17. "ines. ote. um И " 8 63,744 14 3 
— replacement of machineries, equipment, 
18. stationeri, ез, furniture and fittings etc. As "T 88,742 10 3 
— Т " s: 136,336 3 6 
30. Bank ches E = 8 3,600 0 0 
E m eias: ee — n 12,48 15 3 
dis 9: postage, telegram, advertisement, freight 
ges ete. vx B M 8 75,709 4 9 


Carried over .. 65,23,044 10 3 


141 


Vor. 20] 


ААА 


10. 


11. 


13. 


14. 


15. 


16. 


17. 


18. 


SANKHYA : THE INDIAN JOURNAL OF STATISTICS 


Indian Statistical Institute : Receipts and Payments Account 


To Receipts (Contd.) 


Amount received from the United Nations for study on 
existing information on population in relation to deve- 


lopment planning in India 


Grant received from the Government of India to meet 
the expenditure for 25th Anniversary celebrations of 
tbe Institute 


. Funds received from the Government of India, Ministry 


of Finance for disbursement to tho trainees at ISEC 
selected as fellows under the Technical Co-operation 


Scheme, Colombo Plan 


Miscellaneous receipts : 
а) Donations and contributions 


b) Sale proceeds of waste paper, cards ete, 


Receipts from produce of Giridih experimental farm 
Deposit accounts 

Outstanding liabilities for goods and services obtaino.| 
Temporary loan taken from funded accounts 


Temporary loan taken from Prof. P, C. Mahalanobis . 


6, HASTINGS STREET, CALCUTTA, 
The 25th September, 1957. 
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Rs. As. P. Rs. 


As. 


[ Parts 1 & 2 


Р. 


B.F. 70,11,882 14 10 


2,381 0 0 
2,00,000 0 0 
67,180 0 0 
3,396 10 3 
3,561 9 3 
z m 6,958 3 6 
3,690 0 9 
6,988 6 0 
1,10,640 13 3 
3,40,000 0 0 
50,000 0 0 
وا‎ 
Rs. 77,99,721 6 4 
И 3С 


л 


oo 
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35. 


TWENTY-FIFTH ANNUAL REPORT : 1956-57 


(current expenditure) for the year ending 3lst March 1957 
ee ĩͤ Б 
By Payments (Contd.) 


Other miscellaneous expenses including hot weather 
contigencies ete. — .. Sj. 


* Electricity charges 


Rent, rates and taxes (including those of field, camp and 


Outstation offices) .. š .. e 
. Repairs and maintenance of land em buildings including 
petty constructions ж зра 
Transport ж e 
Workers! welfare and amenities as m 
Development at Director's discretion 858 sa 
Transport, freight and installation charges of Soviet 
(UNTAA) equipment us . m 
Expenditure for 25th Anniv ersary TN of the 
Institute x» s > ava 
Expenditure on account of — à farming at 
Giridih . los 
Repayment of йд liabilities (as per debits shown 
in last account) .. or : 


Repayment of old deposit (as per last бш] 
Loans to staff for educational and house building purposes 
ote. 7 RH 85 s 


Amount under suspense pending final adjustment : 

a) part payment to contraetors and suppliers against 
work done or goods supplied or ordered, t.a. advances 
and other advances awaiting adjustment 

b) for passage, custom deposits ete. of Visiting Pro- 
fessors and Foreign Experts 

с) Advances to small industries experimental unit for 
Operational expenses e. sa 

i) run directly by I.S.I. 
ii) run through Prof. N. K. Bose 


3 
8 Tomporary advances to Capital Expenditure : 


37. 


а) as per last account am T 
less amount adjusted during the year 


b) fresh advance during tho yoar E x 


Closing Balance : 


1) Cash in hand and at Bank with Central Office 
ii) With branches and sub-offices 
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Rs. As. P. Rs. As. P. 
В.Е. 65,23,044 10 3 


45,236 3 9 
35,621 0 6 


1,71,291 3 3 


143117 т 9 
54,307 8 6 
1,05,014 14 0 
3,672 8 0 
20,183 1 9 
,137,267 9 9 


1,48,884 6 6 
5,514 5 3 


22,241 4 6 


67.667 12 9 
48,249 0 3 
25,252 9 3 
4900 0 0 

1,46,069 6 3 
1,49,682 4 0 
27,463 12 4 
1,22,218 7 8 
50,000 0 0 


1,72,218 7 8 


26,616 14 11 


35,731 11 
„„ 62,348 9 11 


Rs. 77,99,721 6 4 


Examined and found correct 
Sd/- P. C. Махр & Co. 
Chartered Accountants & Auditors. 
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PART 3: APPENDICES 
Appendix 1: A brief history of the Institute 


1. The beginnings of the Indian Statistical Institute were modest enough: a a 
computer working part-time and a total current apiid: rather lese than с 
that was all, when it started in April 1932. In September 1956, the Institute had on its ro 
1674 regular workers, who were backed by an annual budget allocation of Rs. 52,00,000. 
Impressive as these figures are, they convey little idea of the nature of the work ipe is 
being carried on by the Institute, its wide range, its complex character and the specializa- 
tion at high scientific levels, that is necessary for carrying out investigations which have an 
intimate bearing on the life of the nation. 

2. A long period of preparatory activity, going back to the early years of the first 
world war, preceded the formal inauguration of the Institute. Prasanta Chandra Mahala- 
nobis was back in India in 1915 on a short holiday after he had been awarded a senior 
scholarship of King's College, Cambridge, for research in Physies. Just before his departure 
from Cambridge, his tutor, W. Н. Macaulay, had drawn his attention to the Biometrika 
and Karl Pearson's Biometric Tables, copies of which he brought with him to India and 
which he studied with eager interest while waiting to return to Cambridge for his Physical 
researches. But he did not return to Cambridge. Accepting the post of a professor of 
Physics in the Presidency College, Calcutta, he decided to stay back in India and carry on 
his statistical studies alongside of his work as a teacher of Physies. In Calcutta, he came 
into intimate contact with the eminent scholar and philosopher, Brajendra Nath Seal, who 
had a full appreciation of the importance of modern statistic 
Mahalanobis to take up this subject as his life's work. 

3. Urged by the great savant, young Mahalanobis entered upon his statistical 
career with gusto. Not content to confine his interest in statistics to merely academic 
Studies, he was soon applying statistical methods for the solution of problems in anthro- 
pometry, which led to the formulation of the Generalized Distance (D?-statisties). In 
meteorology, he found ample scope for trying out his new-found tool, enabling him to locate, 
at à height of about four kilometers above sea level, the region of hi 
in meteorological conditions on the surface of the earth; later, 
by Franz Baur from physical considerations. 


al methods and encouraged 


ghest control for changes 
this result was confirmed 


4. More far-reaching from the point of view of national welfare were the results 
of extensive investigations into rainfall and floods in North Bengal, Orissa and West Bengal. 
These led not only to suggestions for really effective flood control but also supplied in later 


years some of the basic calculations for two great river valley schemes, namely, the Damodar 
Valley and the Hirakud Projects. 


5. Meanwhile, Mahalanobis had gathered around him sey 
and a group of young research workers to form the nucleus of t] 
which was located in the Presidency College, Caleutta. 
Sudhir Kumar Banerjee, Subhendu Sekhar Bose, Nistaran 
the only one amongst the four who is still Serving th 
became the Chief Computer 
the workers of the Institute, h 


eral part-time assistants 
he Statistical Laboratory, 
Amongst this pioneer band were 
Chakraburty and Jaladhar Sarma, 


е Institute. Sudhir Kumar who 
and Subhendu Sekhar, who was the leading spirit amongst 


ave both been cut off by untimely death in the prime of 
their careers. 


6. The Laboratory also had been gradually de 


veloping. By 1930 it owned about 
Rs. 25,000 worth of books, calculating machines and ot 


her equipment: and had undertaken 
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Some enquiries on behalf of the Government departments and private concerns. The first 
official recognition came in July 1931 with an annual grant of Rs. 2,500 from the Imperial 
(now Indian) Council of Agricultural Research for Statistical investigations relating to 
agriculture, 

7. The year 1931 marks another milestone in the progress of statistical organiza- 
tion in India. At a meeting convened by P. N. Banerjee (the then Minto Professor 
of Economics), N. В. Sen (Ghosh Professor of Applied Mathematics) and P. C. Mahalanobis 
(Professor of Physics, Presidency College) and held on 17 December 1931, with Sir Rajendra 
Nath Mookerjee in the Chair, a resolution was unanimously adopted to establish the Indian 
Statistical Institute. The constitution was approved at the end of February and the 
Institute was formally registered as a non-profit society in April 1932. Branches were 
established quite early in Mysore, Poona, Bombay, Madras, Lahore, Banaras, Lucknow 
and Delhi: and the Statistical Laboratory.in Calcutta continued to function as the active 
nucleus of the Institute. 


8. This was how the Indian Statistical Institute was formally organized. The first 
Seneral grant for research and training came in 1935 in the shape of Rs. 5,000 a year from 
the Government of India. A big development occurred when the Institute took up in 1937 
& five-year project, on an expanding scale, to develop a sampling method for estimating the 
acreage and out-turn of the jute crop in Bengal with the required accuracy at a reasonable 
Cost. Since then, the Institute has been an important centre of sample surveys in the 
Whole world. From this time, the larger part of the income of the Institute began to be 
derived ag contract grants for applied projects and enquiries. 
9. The training of officers deputed by Central and State Governments had started 
from 1932. In the earlier years such training was more or less on an individual basis: and 
Over 150 individuals received such training at the Institute between 1932 and 1939. From 
1939, the Institute started organized courses of instructions and the training courses 
Sradually developed into the present Research and Training School at a post-graduate level. 


t 10. Examinations for the award of certificates for computers and diploma for 
Statistici Е 
" Isticians were started in April 1938, and served a real need, and have become quite 
Opular А 

Pular and are held all over India every year. 


in 1933 ll. То offer facilities for the publication of research papers in Таба it was decided 

іа, to start ауа: The Indian Journal of Statistics, as the official organ. on the 

usd. of the Council of the Institute, arrangements were — made ie Pug cr an 
EN ed non-profit institution, the Statistical Publishing Society, to maintain the Eka 
е and publish Sankhya, which soon became а journal of international recognition. 


Cel Ths Indian Statistical Institute had for some time been pleading for b. 

not boie 8 а 00 section to the Indian Science Congress. Thes efforts, HOWEVER, dia 

of The A fruit and so in 1938 the Institute organized on its own the cin Saaten 

onbres pan Statistical Conference which continued for several years. The Indian Science 
Breed to start an independent section for Statistics from 1946. 


led to ы The Institute's research and project work as well as its promotional activities 
orld-wide contacts, earned for it international recognition and helped in enlisting 

Er ii with it of distinguished foreign statisticians who came out to India to 
ecture in the Institute as visiting professors. The first to come was Professor 


active 
Work 
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(now Sir) Ronald A. Fisher, who paid his maiden visit in 1938, repeating it in 1945, 1951, 
1954 and 1956. Other visits have followed and, except for an unavoidable break during 
the Second World War, a stream of distinguished foreign scholars, statisticians as well as 
specialists in other fields of knowledge, have responded to the invitation of the Institute to 
come here and work as research workers and guest lecturers. 

14. The Institute has thus become a real international centre of research as well 
as a forum for scholars and scientists from all over the world to work and hold discus- 
sions. Mention may be made of a few amongst these distinguished visitors, such as, 
С. A. Barnard, В. A. Fisher, Richard Goodwin, J. B. S. Haldane, Sir Robert Hall, Nicholas 
Kaldor, J. R. N. Stone, John Strachey, F. Yates (UK), Russel L. Ackoff, Samuel 
Alexander, Paul A. Baran, J. K. Galbraith, Morris H. Hansen, Harold Hotteling, W. 
Hurwitz, Leon H. Keyserling, Simon Kuznets, Alvin Mayne, John Perry Miller, J. S. Ney- 
man, E. R. Ott, Walter A. Shewhart, Abraham Wald, S. S. Wilks, Norbert Weiner 
(USA); N. N. Bogolyubov, D. D. Degtyar, V. A. Ditkin, A. 1. Ezhov, Y. V. Limmik, T. Y. 
Pisarev, A. I. Polosukhine, M. I. Rubinstein, A. F. Zelinovsky (USSR); Faiz El Khuri, 
(Beirut); Nathan Keyfitz (Canada); Wang Szu Hua, Hwang Chien To, Tai Shin Kwang 
(China); C. Bettelheim (France); Tosio Kitagawa, Motosaburo Masuyama, R. Minobe 
(Japan); J. A. Links, E. Lunenberg and J. Timbergen (Netherlands); Ragnar Frisch (Norway); 
Q. M. Hussain, M. Ziauddin (Pakistan); Oskar Lange (Poland); H. Wold (Sweden); Arthur 
Linder (Switzerland); M. C. Athiporn P. Ksemasri (Thailand), j 

15. After the Second World War, the project side of the Institute developed 
rapidly to meet the increasing need for statistics of the Government. The Sample Survey 
in Bengal was extended in 1943 to cover both the area sown and the total yield of jute, 
Hon and other important agricultural crops throughout the year. The tabulation on the 
basis of the two percent Y-sample of the 1941 Population Census started in 1944-45, and 
various other socio-economic surveys were undertaken, 

16. The post-war years have witnessed 


i а rapid expansion and many new develop- 
ments. The question of stabilization of 


the Institute had been under consideration of the 
untaman Deshmukh, who has been the President 


the design and analysis 
g comprehensive infor- 


the sponsorship of the UNESCO, the Inter- 


national Statistical Education. Centre, i rb 
With the financial suppor 


of the Government of India. Since then, the ISEC in 
training to students from many Asian countries; about 202 trainees have com to 1956 

ome upto . 
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19. Through all these years the Institute had been steadily gaining in prestige 
both in India and abroad. Professor Mahalanobis was elected a Fellow of the Royal Society 
in 1945, and acted as the Chairman of the United Nations Sub-Commission on Statistical 
Sampling from 1947 to 1951; he has been a member of the UN Statistical Commission since 
1946 and Chiarman since 1954. Several other workers of the Institute enjoy an international 
reputation and some of the old members of the staff now hold important positions 
in other places in and outside India. The Institute acted as the host society to the 
International Statistical Conferences in India in 1951. 

20. Since 1949 when Professor Mahalanobis became Honorary Statistical Adviser 
to the Central Cabinet, the Institute has been more and more closely associated with the 
Central Statistical Organization (CSO) and other Government agencies in New Delhi. 
Since 1952, the Institute is functioning as the focal centre for professional training and 
research and as a National Statistical and Computational Laboratory. 

21. An associated non-profit institution for the development of calculating machines 
and scientific instruments had been established in 1943 with the approval of the Council of 
the Institute and a small workshop started, which, however, did not make much progress 
in the beginning. A small workshop was started in the Institute in 1950 for the repair 
and maintenance of desk caleulating machines and other equipments a little later and is 
now in operation. An electronic laboratory was started a little later, where a small elec- 
tronic analogue computer was designed and constructed in 1953. An electronic digital 
Computer also was purchased. In 1955, arrangements were made to secure a bigger digital 
computer and a large number of machine tools from the USSR through the United Nations 
Technical Assistance Administration and further developments are in progress. 

22. The Institute has been promoting the introduction of Statistical Quality Control 
me, and it started the earliest courses in this subject in India in 1945-46. A 
ate SQC Section was established in 1953, which has whole-time units working at 
angalore, Bombay and Calcutta. 
23. Still more significant were the developments in 1954. The Indian Statistical 
9 was called upon by the Planning Commission to undertake, jointly with the CSO, 
n national planning with the dual objective of solving the unemployment problem in 
N years and continuously increasing the national income as rapidly as possible. In 
ber 1954, Prime Minister Nehru inaugurated in the Institute Studies REO 
of i for national development. This work is carried on with the active collaboration 
is b C80, the Department of Economic Affairs (Ministry of Finance) and the Economic 
Avision of the Planning Commission. Many of the foreign experts, who have come to 
9 nstitute, have also participated in studies and discussions on planning. 


Pri 24. On the basis of the above work, a “Draft Plan-Frame" was submitted to the 

a Minister in March 1955, which was accepted in May 1955 by the National Develop- 

oe Council аз the basis for the formulation of the Second Five Year Plan. The Institute 
8 


became intimately associated with the work of national planning in India. 
25; 
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Since its ineeption, there has been a continuous expansion in diverse direc- 
area of the Institute's activities. But all these developments have been 
one common purpose, which uniforms the varied activities carried on by 
departments of the Tnstitute: the promotion of national development 
tient collection and analysis of statistical and technical information and 
on for policy and administrative decisions in a scientific manner. 
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Appendix 2: Twenty-fifth Anniversary Celebrations 


1. The Indian Statistical Institute completed 25 years of its existence in December 
1956. "The celebration of this event in a befitting manner was one of the most notable 
features of the activities of the Institute during the period covered by the present Report 
(April 1 1956 to March 31 1957). 


2. Preparations for the celebrations were taken in hand months before the actual 
event, starting on 28 March 1956 with a letter addressed by the Director of the Ins- 
titute to the workers outlining his ideas in regard to the celebration. A Preparatory 
Committee was formed soon after, and at a meeting of all the workers organized by 
this Committee and held on 4 April 1956 the Director referred to the 25th Anniversary as & 
turning point in the history of the Institute. The accent from the very beginning was on 
the organization of lectures, seminars, demonstrations and exhibitions in connexion with 
the Anniversary Celebrations designed to explain the history and practice of statistics in 


particular and in general, the application of science to efforts for national development in 
India and human welfare all over the world. 


3. Such a programme depended for its success on the participation of leading statis- 


ticians as well as scholars in other fields of study from different parts of the world, and 


invitations were issued to many foreign scientists. АП this necessitated the provision of 


adequate funds. One of the very first steps taken in the planning of Anniversary Celebra- 
tions was, therefore, the preparation of a budget for a special grant for the purpose and its 
submission to the Union Government. Sanction was obtained in due time to enable the 
authorities of the Institute to go ahead with the preparations. 


4. The actual celebrations took place over a period of about 3 weeks starting from 
17 December 1956, the two main functions being the Inaugural Meeting held on the 17th 


and the Anniversary Meeting held on the 22nd. A large number of guests were invited 
to both these meetings. 


INAUGURAL MEETING : 17 DECEMBER 


5. Sri Chintaman D. Deshmukh, President of the Institute 
celebrations at a meeting held on 17 December at 4-30 p.m. in the mango-grove. After 
the chanting of а vedie hymn, Sri Deshmukh read out to the large gathering, which had 
assembled on the occasion, the following messa; i : i 

" ge received fi i i , 
Sri Jawaharlal Nehru : R 


‚ inaugurated the 


The Indian Statistical Institute has gained a reputation for itself not only in 
India but in every country where statistics are Studied. It has grown in recent 
years and has performed important functions in connexion with our planning work- 
Indeed, it is an essential part now of our pla 


nning organizati ion 
of its Silver Jubilee, I send it all my good wishes, ا‎ Uo the dau 


6. Sri Deshmukh then made a short s 
who had come from abroad. He described 
outcome of the early statistical studies of 


peech welcoming the guests, particularly those 
mie the Institute was founded in 1931 as an 

rofessor Mahalanobj i m 

1920’s. He then mentioned as a curious coin Pa 


cidence the fact that while tl : istical 
studies were proceeding in Calcutta, Sir John Hubback had initiated E» n det 
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sampling to estimate the yield of rice per acre in Orissa. A little later, he (Deshmukh) was 
attracted by Hubback's method and used it to estimate agricultural production as a Settle- 
ment Officer, while Professor Mahalanobis independently used similar methods in his work 
on crop surveys and was much impressed by Hubback's work. It was some years later, 
he said, that he came to know of the existence of the Institute and when he joined the 
Institute's Governing Body and later became its President in 1945, he was able to render 
Some assistance in securing finaneial help from the Government. Increasing contact with 
the Government led to the realization by the latter that the Institute should be utilized 
for the formulation of its policies, particularly in the field of planning. 

7. Some of the old workers of the Institute then told the gathering about their ex- 
periences as workers. Professor Mahalanobis, starting the series as the oldest worker present, 
said that the Institute appeared to him to be like a river which flowed on with contributions 
made by many workers, some of whom like outgoing branches left after a while, others 
continuing for years. He then referred to what he described as a special feature of the 
Institute, namely, the fact that the workers shouldered the burden of many other activities 
besides the scientific work carried on in the Institute. As an instance of these other activi- 
ties he mentioned the fact that all the buildings of the Institute had been designed by and 
constructed under the supervision of the workers. He then expressed the view that it was 
desirable in the larger interest of the country that the Institute should be run as an indepen- 
dent public institution, so that it could continue to exercise the initiative which had so far 
marked its activities, Professor Mahalanobis emphasized that statistics should be con- 
sidered not as an end in itself but as a tool for the advancement of science as well as for the 
advancement of human welfare—a consideration which in the context of Indian conditions 
endowed them with very special responsibilities. (See Appendices 2A, 2B, 2C, 2D and 
2E for full texts of the speeches of Sri Chintaman D. Deshmukh and Professor 
Mahalanobis). 


8. Professor Mahalanobis was followed by Professor K. B. Madhava, (who had 
Played an important part at the time of inception of the Institute), Sri Jaladhar Sarma (who 
1s the oldest living worker next to Professor Mahalanobis), Dr. C. R. Rao (an old student and 
at present the Head of the Research & Training School), Sri Mohan Lal Ganguly, Sri Nemai 
Ghosh and Sri H. K. Chaturvedi (all senior workers of the National Sample Survey Section 
os the Institute), Sri Samar Mitra (Electronics Laboratory) Dr. Ed. Harper (who is in 
nia of the Institute's Psychometric Research & Service Unit) and Sri Rabi Sen, an indus- 
н who was associated with the Statistical Institute in its early days. The meeting 
ра to an end with the singing of the National Anthem, after which light refreshments 

ere served, 


ANNIVERSARY MEETING : 22 DECEMBER 
Meetin 1. The Inaugural Meeting on the 17 December was followed by the Anniversary 
ains. e 22 December, which also was very largely attended both by the workers of the 
3 by many guests, among whom was His Excellency Mr. M. А. Menshikov, 
а Vedio ж of the U.S.S.R. On the 17th, the proceedings started with the singing of 
and E 0 Aber which congratulatory messages received from important organizations 
2v). Ws ашайын from all over the world including India were read out (see Appendix 
by Prof ent "mier who were present on the occasion were introduced to the audience 
essor Mahalanobis. At the request of the Chairman some of them spoke briefly. 
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2. China: Mr. Wang Szu-Hua, Deputy Director of the Central Statistical Board and 
leader of the delegation of four statisticians from the People's Republic of China, conveyed 
to Indian Statisticians the fraternal greetings of statisticians in his own country. Japan : 
Mr. R. Minobe, Chief of the Statistical Standards Division, Administration Management 
Agency of Japan, conveyed the good wishes of Japanese statisticians. Pakistan: Mr. A. 
‘Afzal, Central Statistical Office of Pakistan, conveyed the greetings of the Pakistan Statistical 
Association. Switzerland: Dr. Arthur Linder, Professor of the University of Geneva and 
the Institute of Technology, Zurich, joined in the expression of good wishes. Thailand : 
Prince M. C. Athiporn P. Ksemasri, Director, Government Statistical Services, National 
Economic Council of Thailand, brought a message of goodwill from his country. UK: 
Sir Ronald A. Fisher, University of Cambridge, conveyed the congratulations of the Inter- 
national Biometric Society on behalf of its President. Dr. Frank Yates, from the Rotham- 
sted Experimental Station, United Kingdom, conveyed the greetings of his colleagues in 

^ England. USA: Mr. Morris Hansen, U.S.A. Bureau of Census, conveyed the good 
wishes sent on the occasion by the Director of Census and the President of the American 
Statistical Association. USSR: Academician N. Bogolyubov brought a message of 
congratulation from the U.S.S.R. Academy of Sciences. Mr. A. I. Ezhov, Chairman, 
Scientific Methodological Council and Deputy Director, Central Statistical Board, U.S.S.R., 
conveyed the cordial felicitations of the following organizatións in his country : Central 


Statistical Board, The Moscow Economic and Statistical Institute and the Economic Depart- 
ment of the State University of Moscow. 


3. Other scientists present, who then addressed the meeting, were Mr. F. Khuri from 
the International Statistical Education Centre, Beirut (Lebanon), Mr. E. Lunenberg of the 


International Statistical Institute (The Hague), and Professor J. S. Neyman of the Univer- 
sity of California (USA). 


4. Inhis speech at the Anniversary Meeting, Professor Mahalanobis emphasized that 
there was a unity of purpose amidst the great diversity of the Institute’s activities. The 
Institute had carried out theoretical researches not for their own sake but with the object of 
solving practical problems, which supplied the basic theme. 


5. Recalling the persons, who had exercised a deep, though indirect, influence on the 
affairs of the Institute, Professor Mahalanobis mentioned the eminent Wandler Sir Brajendra- 
nath Seal, who had suggested to him as far back as in 1916 that it would bs wiser for him 
to work on statistics instead of continuing his physical researches. It would ^W difficult, 


said Professor Mahalanobis, to measure Dr, Seal’s influence on the Institute even with the 
tools of statistics. 


6. Professor Mahalanobis then referred to the encouragement received from 
Rabindranath Tagore at a very critical time during the formative period of the Institute. 
He mentioned that in 1933 he had received orders for transfer from h 


i or 
of Physics in the Presidency College, ie post dà d protest ^ 


and that matters had come to a head. Не and three 
or four of his young colleagues (which was the total Staff at that time) thought shat! 
the best plan would be for him to resign from service and start coaching classes A also 
to take up agricultural field experiments (using Fisherian desi 


; n of e i ts) on 
commercial lines and build up the Institute on its own. d gara 
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7. “Tt was Rabindranath Tagore”, Professor Mahalanobis went on to say, “who 
gave me complete confidence. I remember, he said, ‘Yes, this is the right decision.’ He 
even accompanied me in my search for a plot of land, where experiments could be carried 
on." He recalled that it was Rabindranath Tagore, from whom he had learnt that in the 
great past of India, she had opened her doors to guests from all over the world; and in 
its own humble way, the Institute was trying to follow this example. It would be difficult 
again, said Professor Mahalanobis, to measure Rabindranath’s influence on the Institute. 


8. Referring to Sir Ronald Fisher, Professor Mahalanobis said that he during his 
several visits to the Institute stimulated research in new directions, and in 1939 and again 
in 1945 he gave his principal support to the Institute’s advocacy of the method of sample 
surveys. Sir Ronald has also always emphasized the importance of the close integration 
of research, training, and project work, which was the special feature of the Institute. 


9. Professor Mahalanobis then mentioned the contribution of the Institute's first 


President, Sir R. N. Mookerjee, who agreed to accept the office of President at the age of 
75, because he felt that India would need more statistics in the future. Sir James Grigg, 
the Finance Minister in the Government of India in 1935, also helped the Institute to strike 
roots, when he first sanctioned a research grant of Rs. 5000 for the Institute, which was 
soon afterwards increased to Rs. 15,000 per year. 


10. Professor Mahalanobis next mentioned that in 1943, a considerable part of the 
work, then being carried on by the Institute, was on the verge of collapse owing to the failure 
of the Bengal Government to appreciate the value of sample surveys. It was the Honour- 
able H. S, Suhrawardy (at that time the Minister of Civil Supplies and later the Prime 
Minister of Pakistan), who came to the rescue of the Institute by reviving the grant for the 
Purpose with an imaginative appreciation of the work, which was being done by the Institute. 


11. Sri C. D. Deshmukh who became the Institute’s President in 1945 at a time of 
great difficulty had helped in diverse ways, all the details of which, Professor Mahalanobis 
Said, even he himself did not fully know. Finally, he mentioned the support given by Sri 
Jawaharlal Nehru, Prime Minister, who had an intimate knowledge of the work being done 

еге and without whose support it would not have been possible to carry on at all. 


bes 19. Professor Mahalanobis said in conclusion that though he felt à contain amount of 
S iid regarding the future, he was confident that there would be nothing to fear, if his 
agues appreciated the inner unity of purpose of the Institute and worked together. 

13. In his address from the Chair, Sri C. D. Deshmukh said that in many quarters in 
fisco n there was yet no proper recognition of the place that tits Indian Statistical 
phil е occupied in the academic and scientific world. It reminded him of how a 

°sopher was often not recognized in his own country. 


this ¢ 


tot P. Statistics were reputed to be a dry and uninteresting subject, though he could 

Was no 11 why it should be so. In essence, it was a science of fact-finding pus there 

TM b as of life, in which the formulation of policy or the determination of a 
action did not depend on the ascertainment of relevant facts. 


ticia » Sri Deshmukh observed that ten years ago, there were about 1,000 trained statis- 
Bic in India, and the total expenditure on statistics and their application might have been 
Rs. 1 crore. At present, the number of workers in the field of Statistics was estimated 
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by Professor Mahalanobis to be about 4,000 and the total expenditure Ба, 3 crores. 14 
would not be possible to say whether this figure, which indicated the utilization of statistics, 
was adequate. He expressed the hope that the Indian Statistical Institute would devote 
а little time to the compilation of comparative statistics regarding the advancement of the 
science itself and its utilization by public authorities in other countries. “I think we have 
every reason to hope that, literally, as India's programme of development expands, there 
will be no end to the vistas and no roof, so to speak, to the Indian Statistical Institute." 


16. Paying a warm tribute to the workers, Sri Deshmukh observed, “I have now 
been associated with this Institute for 15 years and I have seen the numbers grow and I 
have had many opportunities of watching the selfless spirit of work manifested by the 
workers of the Institute." 


17. Inthis connexion, Sri Deshmukh mentioned the “Samvadadhvam,” in one issue 
of which workers had proved by some statistical formula that they were paid for doing no 
work at all Describing this as an excess of philanthrophy, Sri Deshmuukh said that he 
was certain that they had worked under very difficult conditions in the past. 


18. Sri Deshmukh concluded by saying, “We are now on the threshold of a new 
age—an age in which there is literally no limit to the useful service that this Institute 
can render and we are confident that with the understanding and sympathy of all those 
like you, who are here and those who take an interest in the Institute, the Institute will 
be able to discharge its duties successfully." : 


Sir Shri Ram then thanked the guests on behalf of the Institute. The meeting 


terminated with the singing of the National Anthem. All the guests and workers were 
then treated to light refreshments. 


19. Lectures and Symposia: A series of lectures and symposia formed an important 
feature of the Anniversary Celebrations. These were organized in two groups: the 
Anniversary Lectures Series held under the auspices of the Indian Statistical Institute 
and the International Statistical Institute. 


Altogether 56 lectures were delivered in the first series starting from 18 December 
1956 and ending on 4 January 1957. 


The lectures, which were held in the lecture-hall of the Research and Training 


School, drew crowded audience. Judged by the pointed questions asked, the lectures 
aroused keen interest. у 


The International Statistical Seminar Series comprised two symposia on the teaching 
of statistics, one being devoted to the Training of Statisticians and the other to Training 
Programme of International Statistical Education Centre, Calcutta. (For details of lectures 
and symposia see Appendix 18.) 


20. Exhibitions: An exhibition, depicting with pictures, charts, models etc. and 
the activities of different departments of the Institute, proved to be a popular feature of the 
celebrations. There was a section in the exhibition set up by the Central Statistical Organi- 
zation with charts specially designed to give a vivid idea of the economic conditions of 
the country. 
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'The Electronies Laboratory organized a separate exhibition, where visitors were 
shown electronie machines in actual operation. 


There was also a photographie exhibition, all the exhibits being the works of members 
of the Institute staff. 


21. Entertainments: With a view to making the celebrations popular with, and 
Securing the active participation in them of, all the workers, an elaborate programme 
of entertainments was arranged and its execution entrusted to the Institute Club. The 
highlights of the programme were the staging of a Bengali drama and a recital of Indian 
musie, both by the workers, the annual sports meeting and exhibition matches of table- 
tennis, badminton, volley ball ete. Other entertainments, which proved to be highly 
popular, were a performance of Rabindranath's Rakta Karabi (Red Oleanders) by Bohurupee, 
a well-known dramatic group in Bengal and a show of the film, Pather Panchali. 


22. Excursions: With a view to giving the guests an impression of the Bengal 
country-side and of the kind of field-work being carried on by the Institute, a visit was 
arranged to a village, where the National Sample Survey work was in progress. A steamer 
trip on the Ganga was also arranged for guests, which proved to be very refreshing after 
hectic days devoted to lectures and discussions. 


23. News Bulletin: A news-letter was published daily during the celebrations to 
keep all visitors posted with the day-to-day programme and other information relating to 
the celebrations. 


24. Feast: The celebrations were brought to an end by a feast at Baranagar on 
19 January 1957, when about 2,000 workers and guests were served with a sumptuous 
meal at midday in two relays in the mango-grove. The arrangements were in charge of 
the Institute Club. 


25. Celebrations in Branches: The branches of the Institute at Mysore and Giridih 
celebrated the 25th Anniversary in an appropriate manner in February, 1957. 


Appendix 2A 


SPEECH DELIVERED BY SRI C. D. DESHMUKH ON 17 DECEMBER 1956 
ON THE OCCASION OF THE TWENTY-FIFTH ANNIVERSARY 
OF THE INDIAN STATISTICAL INSTITUTE 
Gentlemen, 


I àm very happy indeed to have this prvilege of inaugurating the Silver Jubilee 
ations of the Indian Statistical Institute. I cannot do better than read at the outset 


A mess 
ама, cim which has been to us by the Prime Minister, Sri Jawaharlal Nehru. The message 
ч he In 


Celeb, 


India but; dian Statistical Institute has gained a reputation for itself not only in 
has pe in every country where statistics are studied. It has grown in recent years and 
an 4 5 ormed important function in connection with our planning work. Indeed, it is 


п part now of our planning organisation. On the occasion of its Silver Jubilee, 
it all my good wishes. 
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My first duty on the occasion is to welcome all the guests, particularly those who 
have come to attend this function or to work in the Institute on the occasion from abroad. 
They will be introduced a little in detail by Professor Mahalanobis. I would only be 
content with mentioning that there are about 64 of them from 18 different countries, includ- 
ing 4 children and 12 students for the International School of Statisties. I welcome them 
all, as they are proof positive of what the Prime Minister has said about the standing and 
status of the Institute in the international world. I myself have been associated with 
the Institute for about 16 years out of these 25 and with the Director for about 36 years. 
Both Professor Mahalanobis and I studied at Cambridge, but he had left, when I joined 
and I met him for the first time in 1920. Even then, I know that apart from his work 
proper which was teaching physics, he had started taking interest in matters statistical 
from the meteorological aspect. I believe he wrote a publication in 1922 and for the next 
three and a half years he was a meteorologist for the State in addition to his duties as 
Professor of Physics in the Indian Educational Service. His interest by then had branched 
out into Anthropology as well as the study of data bearing on rainfall and floods. That 
interest developed between 1926 and 1931 and it was in 1931 that а meeting of some interested 
in the subject was called under the chairmanship of Sri P. N. Banerjee, the other 
members being Sri N. R. Sen and Professor Mahalanobis. 


A committee was appointed to direct а plan for the establishment of a learned 


society or an institute for the advancement of statistics in India. Of that, at that time 


I was not aware, although by a curious coincidence, between 1926-31, I happened to have 
carried out certain work of the nature of random sampling for agricultural production as 
a Settlement Officer in the Central Provinces and Berar which is now a part of Madhya 


Pradesh. I think it was about the same time that the attention of both Professor Maha- 
lanobis and myself was drawn independently to Havock’ 


I sensed its potentialities, although I am not much of 
my career in statistics I was bowled over Bowley. 


s work on random sampling. 
à mathematician and quite early in 


In any case, a certain amount of work, thousands of experiments were carried out 
in random sampling and agriculture by me between 1926-31. I met Professor Mahalanobis 
again and heard of the development of the society I have referred to in 1939 in Simla, when 
I happened to be Joint Secretary in what was called the Education, Health and Land 
Department. It was there that the Professor acquainted me with the difficulties he was 
encountering in running this institution or Institute or laboratory and the attempts, that 
he had been making to enlist the sympathy and assistance of the Governmen 

In the meanwhile I think the Institute kept itself going by doing " great deal of 
work, which the Bengal Government were good enough to entrust to it apart from a certain 
concerns in the nature of survey 


t of India. 


amount of work carried out for commercial and industrial 


and so on and so forth. Attempts to enlist the sympathy of the Government continued 
from 1939 to 1945 and a great deal of rough weather was experienced in those attempts- 


As Deputy Governor and Governor of the Reserve Bank, I used to visit Calcutta every 
cold weather for two or three months, and I took the o 


AD Pportunity of joining the Institute 8 
Governing Body at the invitation of the Council. Се dne 


In 1945, I was asked to be the President and it was in that capacity that I was able 
to render some assistance to the Institute in getting а settlement with the Education 
154 


TWENTY-FIFTH ANNUAL REPORT : 1956-57 


Ministry of the Government of India in regard to an annual grant for the Research and 
Training School, which portion was notionally separated from the rest of the Institute for 
the purposes so to speak, of attracting а grant. From 1945 to 1950, the Institute carried 
9n with the help and assistance of the Government of India, as also on the basis of certain 
Project work. In between, it was responsible for starting the Quality Control movement 
In this country in 1948, when Walter Shewhart was invited to visit India in. order to 
acquaint those, who are likely to be interested, in the significance and possibilities of 
Statistical Quality Control. 


Professor Mahalanobis and I came together again in New Delhi in the beginning 
of 1950, when we discussed the inception of the National Sample Survey, as also the mecha- 
nies and the procedure in connexion with the collection of national income statistics. 
I should say that 1950 marks the end of the struggles of the Institute, because, from that 
time work came to the Institute, together with recognition in growing volume and the 
Central Government began to perceive the importance of making greater use of the Institute 
for the formulation of its policies, not perhaps in the general field of planning so much then, 
as in the field of policy-making. 


The idea that the Institute was capable of helping the Government also in regard 
Us planning came towards the end of the First Five Year Plan period and I believe it was 
In November 1954 that the Prime Minister inaugurated the work, in which foreign experts 
Participated which led to the publication of the by-now well-known Draft Plan Frame. 
OW, that in brief is the history of the Institute and the scope of its work. А great deal 
More will be said on this, not only by some of the speakers, who will follow me but also 
later during the course of the Celebrations. My purpose has been served by inaugurating 
these Celebrations and by extending a very cordial welcome to all the visitors especially, as 
Said, the foreign visitors here. 


Appendix 2B . 


SPEECH DELIVERED BY SRI C. D. DESHMUKH ON 22 DECEMBER 1956 
ON THE OCCASION OF THE TWENTY-FIFTH ANNIVERSARY OF 
THE INDIAN STATISTICAL INSTITUTE 


Tea: 
Adies ала gentlemen, 


Ido not think there is anyone here, who would not have felt an uplifting of his heart 
ning to the cordial messages that have been delivered on this occasion from all 
hey he the earth. There is a saying that when people gather at conferences, sometimes 

Md ра but Т am sure you will realize that this is ne ordinary conferenco, 
and as Fi emag of professional men from the highest levels in uix po countries 
anythin hs Scientists you may be confident that they will not permit поа ев to say 
is not Ra e HEY 90 not sincerely feel. Nevertheless, I recall to myself that а philosopher 
Country T recognized in his own country and I am aware that in many quarters и this 

1016 is yet no proper recognition of the place that the Indian Statistical Institute 
es in the academic and scientific world. 


9n liste 
Corners 


9ceupi, 
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It is not my intention to ascribe any blame to anyone, because by their very nature 
statistics are a dry and uninteresting subject. I cannot imagine why it should be so, because 
in essence it is the science of fact-finding and there is no department of life, in which the 
formulation of policy or the determination of a course of action does not depend on the 
ascertainment of relevant facts. 


Ten years ago, there might have been about 1000 trained statisticians in this country, 
and perhaps the total expenditure on statistics and their application might have been of 
the order of one crore. According to Professor Mahalanobis, the number of statisticians, 
officially employed, must now be merely 4,000 and the total expenditure Rs. 3 crores. 
Now, that by itself is somewhat tantalizing, because, unless one has some measure of com- 
parison, one would not know whether the country is dealing adequately with statistics OF 
not. I am not in a position to substantiate the statement that one would find that in 
other countries a very much larger percentage of the revenues of public authorities are 
spent on the utilization of the statistical apparatus and organization. 


I hope, sometimes the Indian Statistical Institute will devote a little time to this 
big business of merely compiling comparative statistics in regard to the advancement of 
the science and its utilization by publie authority in other countries. 


| In any case, I feel we should all be prepared to conceive that India has now put 
statistics on its map. I should say that a significant event, which pointed to that, was the 
utilization of the Indian Statistical Institute for the purposes of formulating some kind of 
a draft plan. I should not like people to run away with the idea that wails 5 statistician 
can make a plan. It would be very wrong to postulate any such thing m 
g. 


The statisticians will depend on enumeration of objectives on the authority. The 
authorities themselves will subject whatever has been prepared statistically to ex Е exa- 
mination by economists and the results of the labours of both vesc ir mor 
will be examined and scrutinized in the offices of the Government fim. the adi ni istrative 
and, later, from the political point of view and then only will some kind of pro : Ыл: 
which can be called a plan or a programme of action. I am very һа E E ws кү 
inform you that in the processes that led to the formulation of the nti ^ s i Plan. 
there was an almost perfect cooperation between all our relevant internal ше ج‎ Vx wal 
as collaboration by a very large number of devoted and interested scienti 1 on eae 
In these circumstances, I think, we have every reason to hope that vitara 1 s dia's 
programme of development expands, there will be no end to the vista, as T d | ther 
day and no roof, so to speak, to the Indian Statistical Institute. Bat e E 


Professor Mahalanobis is not an easy man to work with. He is int ted, 8° 
absorbed in his work that he cannot resist any line of advance that im interes : E i 
the advancement of the purpose in view and he is not a believer in 85 ome rt kin 
of fundamental science. He also does not take a very narrow view of E e. eing à i. 
science. All the time he has one eye on the science and another eye o уса pe es an 8 
the science to the solution of the big current problems of the day eer E e a ica z ie 
widely. Every time he comes back from a foreign tour, I dread to ^n "es n lan o 
development. Sometimes it is Quality Control; sometimes it is S oA 0 T eism 
sometimes it is Perspective Planning and then it is the Electronics > ion iem d 
progress in the world also is continuing very fast, the number of ideas he ee easels larger 
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every year, but I think that as it should be. After all here is a challenge, which workers 
and colleagues and the practitioners and the teachers of the science can take up. 
The challenge is one that is easy to understand. It is a fascinating adventure, in the words 
of the Prime Minister, this work of developing the biggest democracy in the world or one 
of the biggest democracies in the world and in any case advancing the interest and lifting 
the living standard of the State—is it one man in five or one man in six—I do not again 
know what is statistically correct. At any rate that is a large enough human responsibility 
and, if we have to take a view, I should say that I would rather err with Professor Mahalano- 
bis than be right with somebody else arguing for conservatism and orthodoxy in a matter 
of this kind. And, therefore, as somebody said the other day, 25 years is at least one third 
of a man’s life and in the life of an institution one does not know what it is; it might be one 
5 of fractions. Therefore, there is no limit to the assistance that this Institute 
Tieri io t ا‎ сіра: of our country. That has been realized by the Central Government. 
bw d e вв: have offered to the State Government to share the cost of expanding their 
Fi organization, so that all the information, which is relevant to measuring the 
4 n of the Plan, should be collected and garnered. It should be in the hands of those 
i ied and the supervisors and those finally, who are directly responsible for the 
er Basa Ёё 85 . projects. Indeed, the more plentiful is the systematic collection 
roii Bis ا وا ا‎ bs ie ев н uum rar in ws к, world. 
CE inte К s ip any s $ i S ery job is analysed, you can find 
EES Ems ar work are and onus you know what the norms of work are, you сап 
iba E 10 ів doing his best and who is an idler and after all, in scientific jargon, that is 
ee i^ of progress in any country, that is to say first to enable people to work and 
heh: E: i ensure that, when proper conditions have been established, people do discharge 
lect. k. Therefore, as T said, the Central Government has realized this, many State 
in . have accepted the offer made by the Central Government and we hope that 
lint win D time the Institute will be able ee only to Garry out projects for Government 
а] è help in the broadening and widening of statistical organizations at different 
in йа. ке 80 that the business of implementing the Plan is watched and measured in 
кш ashion. d a result of this understanding many of the old conflicts are gradually 
fiis p om Sometimes, conflict SOTE at the scientific level, as for instance, whether 
EE taken for random sampling are too small ae too large but all these things the 
of diversi earn to leave behind them and, once the basic purposes are realized, then in spite 
alsrays Ж o£ work, as Professor Mahalanobis has said, the unity of purpose triumphs and 
mean all w ie to the fore and those are Mig conditions in which all butt which 
for the Pie ers—we, here, have no distinction of posts and we have no hierarchy except 
harge of functions—can work with the same spirit. 

other W like to take this opportunity of paying my tribute again. I did it the 
Жее By 2 he wee of the last meeting of the 17th was а tribute to the workers. 1 should 
Tiea E ibute to them again. I have now been associated with this Institute for 
the selfless soi p seen the numbers grow and I have had many opportunites of watching 
бле iin an 1 — si work pipes by the workers of the Institute. | Indeed, they Haye 
or doing no — of proving in their second issue ol 'Samvadadhvam" that they are paid 
somehow dine at all; they have given some statistical formula, by which they have proved 
Siete ate or here are so many holidays and there are so many close days and they have 
y proved that they are paid for doing no work, But I regard that as an excess 


157 


Vor. 20] SANKHYA: THE INDIAN JOURNAL OF STATISTICS [ Parts 1 & 2 


of philanthropy. Leaving that apart, I do realize they have worked under very great 
difficulties and, what is more, sometimes things have appeared very uncertain to them and 
their future has appeared very gloomy and dark. 


I have reasons to hope that those times are ever and that we are now on the thres- 
hold of a new age—an age in which there is literally no limit to the useful service that 
this Institute can render and we are confident that with the understanding and sympathy 
of all those like you, who are here and who take an interest in the Institute, the Institute 
will be able to discharge its duties successfully. . 


Appendix 2C 


CONCLUDING SPEECH BY SRI C. D. DESHMUKH ON 17 DECEMBER 1956 
ON THE OCCASION OF THE TWENTY-FIFTH ANNIVERSARY OF 
THE INDIAN STATISTICAL INSTITUTE 


Ladies and Gentlemen, 


This brings the proceedings of this evening to a close and I shall only make a few 
concluding remarks. 


Reference has been made in the course of the speeches to the rapidity of the growth 
of the Institute in recent years. I do not know if you are aware of the latest example of this 
rate of growth, which is the construction of two Guest Houses within the space of three 
weeks, thanks to the energy of the workér in charge, Sri Subodh Das Gupta and the personal 
supervision of Mrs. Mahalanobis. Many people, who visited the Institute about a month 


ago and are visiting it again, are astonished at the appearance, as if by the rubbing of 
Aladdin’s lamp of these two Guest Houses. 


I hope you have not been bored by the many speeches that you have heard; but 
were arranged with this object that you should hear of the personal feelings and experi- 
ences of the different strata, if I might use the word, of the workers belonging to different 
periods in the history of this Institute. T am sure, you all have been glad to notice the spirit 


of camaraderie and the faith and self-confidence which was illustrated by the observation 
made by the workers. 


The history of the Institute falls into several periods: the first one from 1920-31 
the period of gestation; the next from 1931-39 was the period of the Struggle of infancy; 
1939-45 consisted of the disappointments and frustrations of adolescence; 1945-50 were 
characterized by the hopes of youth; and from 1950, we may say, the Institute has 
been looking forward to the wider horizons of manhood. With the recognition in 
principle by Government of the all-India and indeed the international importance of the 
Institute we are standing on the threshold of a period of endless vistas. I am quite sure 
that at the rate at which the Institute is growing, it will be able to discharge all the func- 
tions that it may take on itself for carrying out its double responsibility or fulfilling its 
double purpose, to which reference was made by Professor Mahalanobis, I should like to 
underline what he has said in regard to relations with Government and the importance of 
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autonomy. What he said would have appealed to me in any case, because in my present 
Capacity as Chairman of the University Grants Commission I have some understanding 
of the great importance, almost indispensibility, of allowing academic bodies a free hand 
in regard to the management of their academie work and generally in regard to their 
day-to-day administration. This is a factor of the utmost importance. If any kind of 
administrative constraint were to be placed on the Institute, I am quite certain that the 
results will be very disappointing and self-defeating, in that the Institute will not be able 
to come up to expectations. One feature, of which the Institute might be justly proud, 
is the extent to which it has enlisted international cooperation. I am not aware of any 
other learned body or any other academic institution, which has attracted the help of outside 
experts to such a large extent as this Institute. There is a continuous give-and-take 
exchange of visits with consequent enrichment of the work turned out by the Institute. 

The Institute is in the peculiarly useful or valuable position of being able to assist 
Government in ways, in which perhaps no other form of organization can assist it. There 
is, for instance, the question of study in matters connected with Government's financial 
and planning policies and yet matters which do not fall either within the category of research 
or within the category of day-to-day administration. The latter can be carried out by 
Governments own economie adviser, statistical adviser and others. Research can be 
carried out both in the Research and Training School of the Institute as well as in the 
Statistical departments of the universities. 


But there is a field in-between, where full thought has to be given to the problems 
of policy, not so much in the sense of day-to-day decisions as in the sense of defining the 
conditions, under which policies might be implemented and that kind of work can best be 
carried out by an Institute of this character. I do hope that in the future in addition to 
work that is carried out in connexion with planning, as for instance, perspective planning, 
the Institute will be utilized by Government for the purpose, that I have just indicated. 

hope that in the course of these Celebrations those, who are interested, will have the 
Opportunity of listening to the observations of most of our other visitors not only from 
the point of view of friends and sympathisers of the Institute but also experts, who have 
brought to us their own special fund of experience. 


Thank you. 
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SPEECH DELIVERED BY PROFESSOR P. C. MAHALANOBIS 
ON 17 DECEMBER 1956 ON THE OCCASION OF THE 
TWENTY-FIFTH ANNIVERSARY OF THE 
INDIAN STATISTICAL INSTITUTE 


Л I will start the series of talks about old days, in which my colleagues will join. Му 
mind goes back to the day, on which we started our work; and I have been thinking what 
shall tell you today, after 25 years. I shall speak particularly to my fellow-workers. 


One thing which is constantly in my mind is that the Institute is somewhat like 


A river, Men come and work; some continue for а long time; some stay a short time and 
So away, But this common endeavour of different individuals flows on as the activity of 
the Institute, 
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I am keenly conscious that many individuals with many different interests have 
built up our Institute. Circumstances have forced us to make the Institute highly self- 
contained in nearly every thing. This is one special feature. Itis not that we are doing 
only scientific work; the workers of the Institute shoulder the burden of many other things. 
I am very proud that in this Institute our buildings have been all designed and constructed 
under our own supervision. We run many things, and this is why I feel very deeply that 
even those workers, who are not directly concerned with statistics, also belong to this Insti- 
tute in a very special sense. This is one thought, which I should like to convey to you. 


Statisties has a very wide field. It has many aspects and in this Institute it has 
given us the opportunity for cooperative work in а very broad sense, in the building up 
literally of this Institute, as witnessed by these buildings, these grounds and, of course, the 
scientific work. 


I am also conscious of the Institute's very rapid growth, which is a matter of con- 
gratulation in one sense, but at the same time I also see the dangers of too rapid a growth. 
There is danger, when we grow too big or too rapidly; our work tends to become rather 
impersonal and we begin to lose human values which is a great loss—this also has been upper- 
most in my mind today. 


I remember the early days, when we started with one part-time worker. 'Then we 
had a small group of four or five. For the first three or four years, I think, the total number 
did not exceed 10, or may be 12. We had a typist, Jaladhar, who is now our oldest worker 
and who will speak of the early days very shortly. We also had considerable help from 
outside. Professor K. B. Madhava, for example, played an important part in shaping the 

policy by insisting that the name should be “Institute” and that we should not be merely 
a talking society but we should take up research and even training. The idea was that the 
Institute did not merely mean coming together to read papers but something more, some- 
thing that would cover a wide field of activities. In this way, we began to have many 
workers, who perhaps did not publish important papers, but who in a way contributed much 
that was of value to this Institute. "Today I remember Sudhir Banerjee who died in 1952. 


In our early days the Institute could scarcely have survived without his very wise manage- 
ment of financial and business matters. 


In many different ways we have grown up and our responsibilities have increased. 
Twentyfour years are at our back. In looking forward I feel more and more the need of 
strengthening the spirit of cooperation and developing some unity of purpose together 
with, of course, a great deal of diversity in our individual way of doing and looking 2 
things. 


I should like to touch very briefly on one aspect of the Institute's relations with 
Government, which has been under consideration for twenty years. Our President has 
referred to this. We have continually pressed on Government the need of giving the 
Institute full freedom and autonomy in internal management. We are a non-government 
but public institution; and, so far, we have tried to discharge our public responsibilities not 
as a Government department but as an independent institution. I am myself convinced 
that this is desirable not so much in the interest of the Institute itself but of the country 
as a whole. In fact, converting the Institute into a Government department would relieve 
us of much worry, because things will go on somehow but there would be the danger of 
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losing the initiative. Therefore, I think it is important in the best interests of the country 
that we should continue to function as an independent public institution. I am glad to 
Say this has been accepted in principle, and we are hoping that fairly soon it would be 
recognized through parliamentary action. 


But it is the other side of this responsibility, which I should like to impress on my 
colleagues. If we claim a certain amount of freedom of action, then we must also shoulder 
а certain amount of responsibility, that is, we must see that our work from within is main- 
tained at a high level of efficiency, and secondly, that we retain our initiative—the initia- 
tive to direct our efforts, our united endeavour towards solving either scientific problems 
9r problems of national development, which will be continually facing us in India. 


I do believe that our Institute has a special responsibility, because we happen to be 
located in India. There are many problems which face us in India, which perhaps do nog 
face countries which are more advanced; and, therefore, if we consider statistics not as an 
end in itself but as a tool for the advancement of science as well as for the advancement of 
human welfare, then there must be special responsibilities determined by our special needs 
in India, 


І have very much in mind today this aspect of statistics and, therefore, we must 
never lose the initiative. We must remember that in an under-developed country statistics 
must have а clearly defined purpose, one aspect of which is scientific advance and the other, 


hu ч 
man welfare and national development. 


This is my appeal to all my fellow-workers at this moment, when we are getting 
Over the first quarter of a century of our activities. It was on 17 December 1931 that we 
had the Meeting, at which it was decided to establish this institution. Let us look forward 
and shoulder our responsibility to do the best we can to improve our own efficiency of work, 
and to Maintain our initiative in solving problems of national development in future. 
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SPEECH DELIVERED BY PROFESSOR P. C. MAHALANOBIS ON 22 DECEMBER 
1956 ON THE OCCASION OF THE TWENTY-FIFTH ANNIVERSARY OF 
THE INDIAN STATISTICAL INSTITUTE 


Respec 
Spected President and friends, 


25 SL can claim to be the oldest worker of the Institute. As I loole back to the last 
5; or even longer, because we did have a Statistical Laboratory with a small group 


of work $ 
Orkers before the Institute was founded, several thoughts come to my mind. 


"шы I believe, Т can see some unity of purpose in the great diversity of ‘our 
directed i } may, perhaps say that whatever work we did in this Institute heye been maniy 
Problem d solving problems at the practical level; but we have found that solving a practical 

Continually called for a good deal of theoretical researches. Therefore, we took 


Up th : А 
ph Loxetioal researches not so much for its own sake but to meet real needs of solving 
асса Problems. 
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There is unity in this approach. There is no conflict, I think, between scientific 
research and solving practical problems. Perhaps, we may look upon scientific curiosity 
itself as an emergence in the human mind of an urge to know more of nature and, through 
such knowledge, advance the welfare of the human species. If one looks at it in this way, 
there is no conflict between scientific research and solving practical problems. 


Another way of appreciating the unity of the work of the Institute, I think, stems 
from the deeper physical, social and economic needs of an under-developed country like 
India. 


Some of the early problems, on which we worked, were concerned with rainfall and 


floods and what remedial measures could be taken. "Then came enquiries into rural indebted- 


ness, handloom weavers, agricultural crop surveys, and later on, the collection of social 
and economie information for this vast country, in which we have ten or perhaps twenty 
or thirty million persons unemployed or under-employed according to the definition of un- 
employment we use. These enquiries all stem from the needs of an under-developed 
country; and still more recently from the needs of planning. 


This is how gradually the Institute expanded its activities. Perhaps, the unity 


as well as the diversity may be appreciated in the vivid contrast between our modern 


workshop or our unit for electronic computation, which are located in buildings which adjoin 


Kalyanasri, the unit for the study of cottage industries like the Ambar Charkha (spinning 
wheel) and handloom weaving. Both types of activity have the common aim of using 
science for the promotion of national development. The charkha and the electronic com- 


puter working side by side in our Institute make vivid the unity of purpose in the midst 
of sharp contrasts. 


My mind goes back to the problems, which we have taken up for study. All are 
fundamentally problems of practical importance, but we worked only on such problems, 
for which we had men to take up the challenge. 


In the Institute we have never thought in 
terms of posts to do this or that. 


We have always thought of men, who could do creative 


work; and it is round men that the work of the Institute has grown up. I think this is an 


important feature of the Institute. It is something like a stream of activities of individuals. 


The Institute started work with only one part-time computer 25 years ago. The Institute 


has grown gradually like a river gathering tributaries, by opening out branches and sending 


out men to other agencies. This has given us an inner sense of direction, not in a mechanical 


way, but through a kind of unity of purpose which is living. I should stress this as an 
important feature, as I look back. The history of the Institute then i 
of human beings to the need of solving problems of real life. 
unity of purpose. 


s really the response 
This, I should say, is o 


I, therefore, turn my mind to the men, with whom I have had th 
ing. Here also there is a great contrast. 


the Institute we see only the facade. 


e privilege of work- 
If we look today at the flood-lighted building of 
The foundation cannot be seen; neither the roof at 
the top. As a matter of fact, the foundation and the roof must not be seen. Their fulfil- 
ment is in not being visible. In the same way, I am aware, as the oldest worker of the 
Institute, of the foundation, which has been built by humble men, whos 


à e name nobody knows. 
I recall the many with whom I have worked. 


Now the Institute has grown so big that 
I am sorry I have no longer that privilege. But it is the dull, day-to-day routine work of 
many humble men, which has built the Institute. It is wise to remember this today- 
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Then there are others who exercised a deep influence, but not in a direct way. They 
are not visible in the list of papers which we have published. I shall recall some of them 
to convey to you what I have in mind today. Brajendra Nath Seal, the great Scholar with 
whom I started doing some statistical work, had an imagination which is still fresh in 
my mind as something wonderful. He told me that India would need modern statistics, 
and advised me to work in this subject instead of doing physical research. This was in 
1916, 40 years ago. It was his advice and encouragement which set my course. His in- 
fluence on the Institute is difficult to measure with the tools of statistics. 


I should like to name another great personality, Rabindra Nath Tagore, who gave 
US great encouragement, and who used to visit the Institute frequently. Very soon after 
the Institute had been established, I recall, we were doing much advisory work in the design 
of agricultural field experiments. I was professor of Physics in the Presidency College, 
which is a Government institution in Caleutta; and I learnt that Government intended to 
Promote me and send me out of Calcutta as the principal of a college. This would mean 
the end of the Institute and statistical work. At that time, we were a small group; 
Subhendu Bose and Sudhir Banerjee and 3 or 4 others. We were not rich and we were in 
difficulties. We thought over the matter carefully and felt that the best thing would be, 
ifT Tesigned from Government service and then we could start coaching classes in the evening 
and continue our statistical studies. It was Rabindra Nath Tagore who gave me encourage- 
ment. I remember, he said, “Yes, this is the right decision.” He even went with me to 
find an old garden house (very near this place), where we could do our agricultural experi- 
Tents. Again, T do not know how we shall measure his influence. Not only this. It was 
Rabindra Nath Tagore, who made me realise that in the great days of India she had opened 
her doors to the whole world and had welcomed guests from abroad. This is something 
for which we are truly grateful in this Institute, because we also have had the great privilege 


Of having many friends from abroad. I do not know how to measure the help received 
from them, 


I may turn to Sir Ronald Fisher. His influence on this Institute is indeed difficult 
to measure, It has been not only in stimulating research but also in the support he gave 
tó our advocacy of the sample survey or again to the need and the importance of a close 
integration of research, training and project work. He gave us support at a very critical 
т ОЁ our work in 1938; and his influence is something which is deep although it is not 
Visible on the facade. i 


/ There have been also some men at the top who have helped the Institute in ways 
po People do not know. I may mention our first President, Sir Rajendra Nath 
x m When we wanted to start the Institute, I did not know thay an attempt had 

Jack a earlier to establish a statistical society, which came to nothing because of the 
єп б Confidence and understanding between the Indian and шш d Tt 
to A because Sir R. N. Mookerjee agreed to become our President that it was pobe 
bei. this Institute on à broad basis and which soon made it possible for the Institute 
made o en public status. He was old, 75 or 76; and was retiring from all offices. But he 
not 2 exception and became our President. One day he told me, “Well frankly, I do 
© understand all you are saying; but somehow I have a feeling that India will need 


ыт ee H H 
тти and more statistics in future. This is why I am helping you.” It was his imaginative 
erstanding Which gave us a start. 
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I also recall Sir James Grigg, then Finance Member in the Government of India. 
He came to see the Institute in 1934. We had a grant of Rs. 2,500 a year at that time. 
All on a sudden he asked me when he was getting away in the car, “Do you want a research 
grant? I said, “Yes”. He said, “How much ?" I could not think of anything more than 
Rs. 5,000. He immediately sanctioned Rs. 5,000. 4A little later, even before we started 
getting the new grant, he inereased it to Rs. 15,000 а year, which gave us the opportunity 
to start à small nucleus of whole-time workers. This gave us the opportunity of striking 


roots. 


I shall mention another name. At a time of great difficulties in Bengal, in 1943, 
it seemed that the work of the Institute would collapse. We had built up the sample survey 
of erops after six years of hard work. In 1943, there was а new Agriculture Minister of 
the Government of Bengal; he did not have any faith in sample surveys; he could not simply 
understand how by taking observations on one out of 200 fields one could get an estimate 
of the jute or the rice crop. So he stopped the sample survey. At this time, the Minister 
of Civil Supplies, the Honourable Mr. H. S. Suhrawardy, later the Prime Minister of Pakistan, 
came forward to the rescue. He was in need of reliable information on the supply of rice. 
He showed an imaginative appreciation of the work of the Institute; and he sanctioned the 
grant. In this way the Institute received help from many unexpected quarters. 


I should like also to say а few words about our President whomIhave not mentioned 
before. He became associated with this Institute, I think, in 1940 or 1941 as Vice-President. 
He became our President at the time of a grave crisis in our affairs in 1945, when we were 
under great pressure from the Government of India. Since then he has been helping us 
quietly in many ways, some of which even I never know. This is, I think, all I need say 
of him. 


Finally, I should like to mention Jawaharlal Nehru, our Prime Minister. We have 
had the privilege of having him as a frequent visitor in this Institute. He has stayed here: 
and he knows the work of the Institute intimately. He has given us strong support, without 
which we could not have gone on with our work. Two years ago he came here; and in the 
Institute he inaugurated the studies on planning for national development. He is one of 
the men at the top whose name will not appear in our formal history. 


When I look to the future two thoughts come to my mind. When we have had 
individuals to meet the challenge of a new problem we had nothing to fear. Secondly, in 
this Institute, our best work was done when we could somehow, perhaps not quite consci- 
ously, realize the unity of purpose, and could cooperate among ourselves. On the other 
hand, we have passed through dangerous days of stress and strain, especially after rapid 
expansion when disruptive tendencies arose. One such crisis had come 8 or 9 years 480: 
Recently we have been again expanding at a rather alarming rate. So on this day, as I 
look to the future my mind is not completely at ease—I have some misgivings. The future 
depends on us—my fellow-workers. If we can realize the unity of sg and work 
together, then, I think, there is nothing to fear. This is the thought which is uppermost 
in my mind today. 


One final word. We are fortunate today in having with us colleagues and fri ends 
from all over the world, East and West, North and South. I recall an old tort of 107 
country from the Atharvaveda.“ 
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which described a civilised country as a place “where the whole world meets and finds 
its one nest." This text gives me courage and hope; and I salute all our guests and 
friends from abroad. 


Appendix 2F 


LECTURES, SEMINARS AND SYMPOSIA DURING THE TWENTY-FIFTH ANNIVERSARY 
CELEBRATIONS : DECEMBER 1956 vo January 1957 


18 December 1956 : 
Pnorzsson T. Krracawa (Japan): The logical aspects of successive processes of 
statistical inference. 
Sm Ronanp A. Fisuer (UK): Statistics in scientifie work. 


19 December 1956 : 
Dr. Q. M. Hussan (Pakistan): Recent contributions to design of experiments. 
Dr. U. S. Nam: Study of maternity rates. ? 
Pnorzsson T. Krracawa (Japan): Application of design of experiments to Japanese 
engineering. 
Sm Roxarp A. Frsuem (UK): Probability in the sciences. 


20 December 1956 : 
Pnornsson V. M. DANDEKAR: Fisherian inference. 
SRI N. Cuaxmavamrr: Organization of a State Statistical Bureau. 
Dr. M. Zrauppx (Pakistan): On symmetric function statistics. 
Pnorzsson S. K. Tat (China): 1953 Population census of China. 
Dr. F. Yarns (UK): Statistical aspects of agricultural planning. 
Prorrssor S. H. Wane (China): On the coordination between the industrialization 
and agricultural cooperation. 
Sm Rowarp A. Frsunn (UK): Probability in the sciences. 
Pnopnsson J. S. Neyman (USA): Statistics, the servant of all sciences. 


21 December 1956: 
Dn. B. D. Trkkrwar: Successive sampling and its role in sample surveys. 
Acaprmicran N. N. Boaonvusov (USSR): Some remarks about the problem of 

Statistical equilibrium. 

Dn. Narman KEYEFITZ (Canada) : Technical assistance and economie planning. 
Pnorssson A. Liper (Switzerland) : Principles of experimental designs. 
Mr. E. ра Costa : Regional distribution of Indian National Income. 
Dr. V. G. Paxsn: Development of statistics in relation to agricultural research, 


especially plant breeding in India. 
22 December 1956 : 


E^ x Т. MATHEW :  Non-response errors. 

A. K. Gurra: Statistical methods in the work of standardisation. 

Prorgssor J. NEYMAN (USA): Inductive behaviour as the basic concept of 
philosophy of sciences. 
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Prorsssor D. R. Gaver: Some aspects of economic planning in India. 

Dr. A. I. Ezgov (USSR): Organisation of the State Statistics in the USSR. 
Mr. M. Hansen (USA): Application of electronic computers to data processing. 
Dr. N. S. R. Sastry: Rural Credit. 


24 December 1956 : 


Dr. B. RAMAMURTI: Statistical system in India. 

PROFESSOR К. N. Ras: The working of the money income multiplier. 

PROFESSOR К. IvENGAR: Some present-day problems of low income urban workers 

in India— a realistic approach. 

PROFESSOR D. G. KARVE : Community projects and National planning. 

Chairman: SIR RONALD A. FISHER (UK): Symposium on Teaching of Statistics 
and Training of Statisticians. Participants : Dm. P. В. PATNAIK, Dr. Q. M. 
Hussain, DR. M. ZrAUDDIN (Pakistan), Dn. U. S. Nam, SRI V. M. DANDEKAR, 
SRI D. Y. Lele, PnorEsson V. D. Tuawawr Dm. Q. К. GAYEN, PROFESSOR P. C. 


MAHALANOBIS, SRI N. T. MATHEW, Dm. B. RAMAMURTI, ‘Dr. В. D. TIKKIWAL, 
PROFESSOR T. KITAGAWA (Japan). 


26 December 1956 : 


Dr. A. K. Gaven: Rank analogue of the standard tests of significance. Chairman 
SRI A. C. GUHA : Some techniques of decentralised control. Speaker : PROFESSOR J. 
P. MILLER (USA). 
Chairman: PROFESSOR A. LINDER (Switzerland) e Symposium on the teaching of 
Statistics—Training of the International Statistical Education Centre, Caleutta. 
Participants : Mn. R. MINOBE (Japan), Mr. Falz EL KHURT (Beirut), PRINCE ATHIPORN 
KSEMASRI (Thailand), Dr. B. RAMAMURTI, Dr. NATHAN Krvrmz (Ceylon), 
Dr. P. B. Parxalx, Dr. M. ZIAUDDIN, Dm. Q. M. Hussar, Mr. A, AFZAL 
(Pakistan), Dr. A. Маттнат, PROFESSOR P. С. MAHALANOBIS, 
LINDER (Switzerland), SRI 8. SENGUPTA, SRI S. К. BANERJEE. 
27 December 1956 : 
Dr. C. CHANDRASEKHARAN : 
Mn. D. J. DESMOND (UK): 
Мв. A. L. Влтсн (USA): 
28 December 1956 : 
Mn. R. P. BHARGAVA: Forest sam 
PROFESSOR A. LINDER (Switzerland) : Statistical aspects of Salks’ vaccine, 
Dr. P. К. Bose: Some statistical problems associated with scholastic tests. 
Dr. M. R. Samanı: Man and his ancestry through geological age (with lantern slides). 
29 December 1956 : 
PROFESSOR M. C. CHAKRAVARTI : Teaching of designs through matrix methods. 
Dn. A. В. КАмАт: On some statistics based on the variate differences, 
Dn. N. V. A. NARASINHAN : On the structure of the Indian economy. 
31 December 1956: 
Dn. V. 5. HUZURBAZAR: Statistical inference, 
Proressor B. R. SHENOY : Foreign aid and Tndian economie development, 
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Dr. D. N. Masumpar: The mystery of a Himalayan lake— Rupkund expedition 
(with lantern slides). 


2 January 1957 : 
Dr. J. N. MUKHERJEE : Scientific approach to planning. 
Dn. GvaxcHuaxwp: Premises of the Marxian view on population— a critique. 
PROFESSOR К. P. CHATTOPADHYAYA : National Planning and culture change. 
PROFESSOR J. MACLEAN (UK): Statistics and arithmetic in primary schools. 


3 January 1957 : 


Dr. S. K. BANERJEE: On the applications of statistical methods to medium range 
and extended range weather forecasting. 
Dn. V. K. R. V. Rao: Some problems of long range planning. 


4 January 1957 : 


Dn. U. P. Basu: On the planning of chemical industry. 
Proressor P. Roy: The pattern of scientific and industrial research. 


5 January 1957 : 


Dr. N. R. Sen: The statistical theory of isotropic turbulence. 


Appendix 2G: Congratulatory Messages 


Mr. A, M. NeEsMEYANOv, President of the Academy of Sciences, USSR and Mr. А. B. 
Torcurny, Chief Scientific Secretary of the Presidium of the Academy of Sciences, USSR: 


The Academy of Sciences of the USSR on the day of the 25th Anniversary of 
the Institute, of which you are the head, conveys its most sincere congratulations to you 
and to all the workers. 

By its outstanding scientific activities and by its important role in the social life 
of the country, the Indian Statistical Institute has merited high respect far away from the 
boundaries of India. In this famous epoch of the revival of your country, the Indian 
Statistical Institute has made an important contribution to the scientific planning of the 
development of Indian economy and national welfare. 

The broad scientific ties of the Institute with scientists of different countries and 
T Scientists of ihe USSR in particular have become glorious traditions. Such scientific 
"we and personal contacts among scientists are of great value and we hope they will develop 
d Strengthen in the future. 

The Academy of Sciences of the USSR wishes new success to the Indian Statistical 


Insti P 
"stitute which will enrich the treasures of national and world culture. 


Mr , ; " 
à Rxranusnkix, Director of Statistics, Institute of Economics, Academy of Sciences, USSR : 


The Statistical Section of the Institute of Economics of the Academy of Sciences 


of i Ё 
an 7 sends you and your colleagues warm greetings for the Jubilee of the Institute 
M е Wishes you and your colleagues new creative successes in the field of Statistical theory 
ad its applications. 
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Mr V. Ovstenxo, Rector, Moscow Economics and Statistics Institute : 


In connexion with the Twenty-fifth Anniversary of the Indian Statistical Institute, 
Moscow Economics and Statistics Institute send its best wishes for development of Statistical 
work towards higher success and better life of the Indian people. 


PROFESSOR M. I. RUBINSTEIN and MADAME RUBINSTEIN, Institute of Economics, Academy of 
Sciences, USSR: 


Congratulate significant date 25 Anniversary Indian Statistical Institute wish 
further success your research relating Indian Economic Development best greetings to Rani 
and all Friends. 


Mr. Ezuov, Chairman of the Council of Methodology and Deputy Director of the Central 
Statistical Bureau, USSR : " 


On behalf of the Council of Scientific Methodology under the Central Statistical 
Bureau USSR and personally send greetings and congratulate you and your colleagues 
for the Jubilee of the 25th Anniversary of the Indian Statistical Institute. The many-sided 
activities of the Institute have already acquired world-wide recognition and appreciation. 


The great work conducted by the Institute under your guidance particularly in the 
sphere of application of sampling methods is studied with interest in many countries. Great 
significance lies in the fruitful training of highly qualified statisticians as well in the sphere 
of exchange of experience and strengthening of scientific collaboration among the statisticians 
of many lands including the collaboration among statisticians of India and those of the 
USSR. The Soviet Statisticians are in deep sympathy with the activities of the Institute 
directed to influence the development of the national economy and raising of the material 
and cultural standards of the people of India. The Soviet Statisticians are glad at heart 
at the successes achieved by the Institute in this task. The Council of Scientific Methodology 
sends heartfelt greetings to your colleagues and you and wish you greater success in improv- 
ing statistical methodology and practical application of statistics towards the welfare of 
the great Indian nation for peace and progress of the whole world. 


Мв. D. Dzervan, Phnom Penh, USSR : 


I am very glad to have an opportunity to convey my congratulations to you and 
through you to all the staff of the Statistical Institute with the 25th Anniversary of the 
Institute. : 


I have had the pleasure to work in your Institute and to observe with the great 
satisfaction the great work which is being conducted by the Statistical Institute in the field 
of Planning of New India's economic development as well as in the strengthening of the 
contacts between the scientists of various countries and especially between the Е 
of India and Ње Soviet Union. 


Btaying at the present time in the Kingdom of Cambodia I wish with all my heart 
successes in the further fruitful work to the Statistical Institute on the d. d its 
anniversary, in the work directed to the development of your country o nt Kv. 
progress and strengthening of economic independence, y on the way 
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Acapemictan. K. Osrroviryanoy, Vice-President, USSR Academy of Sciences : 


Congratulate you and staff of Indian Statistical Institute on occasion remarkable 
date of 25th Anniversary of the Institute. Under your guidance Indian Statistical Institute 
has become one of world’s largest research centres in the field of statistics. For the last 
few. years the Institute has effected extensive and important research into economics and 
applications in prospective planning of peoples’ economy of India. The Institute has become 
place of current meetings, fruitful discussions and cooperative work of Statisticians and Eco- 
nomists of different countries. The works done serve vivid example of possibilities for 
International cooperation in social and economic sciences. I wish Indian Statistical 
Institute further successes in the fruitful research and achievements of Indian Scientists for 
further progress of economy of your country and rise of living standard of Indian People. 


2 "OGG СИР) 
Proressor V. Sranovskv, Director of the Central Statistical Bureau, USSR : 


On behalf of the Central Statistical Bureau, USSR and of all the workers of the 
organs under the Statisticians’ Union (Government) of USSR and on my own part, I hereby 
Send greetings to you and your colleagues and the statistical workers of India on the occasion 
of the 25th Anniversary of the Statistical Institute for the excellent work in both the 
Spheres of theory and practice of statistics conducted under your guidance by the Indian 
Statistical Institute and particularly for the famous National Sample Survey undertaken for 
the welfare of the people of India and for the training of highly qualified statisticians. Such 
extensive activity of the Institute is well-known among wide circles of Soviet Statisticians 
exciting their admiration and sympathy for the achievements of the Institute. Wish you 
Steater successes in your fruitful scientifie and practical work directed to the welfare of the 
m of the Indian Republie, and also heartily wish for further strengthening of the bonds 

riendship and collaboration among the statisticians of India and USSR for peace and 
Progress of the world. 


Mr ; ; 
` Larrey, Director of the Institute of Economics, Academy of Sciences, USSR: 


5 The Director of the Institute of Economy of the Academy of Sciences USSR sends 
LEM Steetings to you and your colleagues on the occasion of the Jubilee of the Institute. 


The Dir : 
8 © Directorate wishes all the members of the Institute and you personally further creative 
nacesses in work, 


Pro 
FESS — 
son T, UparrZov, Dean, Economic Faculty, Moscow State University : 


The Economic Faculty of the Moscow State University takes the pleasure of sending 


You a; 
of Pu nn Institute under your guidance heartiest congratulations on the 25th anniversary 
9 Institute, 


Yue 
OSLAV STATISTICAL SOCIETY : 
е Please accept best wishes, occasion 25th Anniversary Indian Statistical Institute. 
N. Yo 
U Рон Seve, University of Malaya : 


Is 7 : К : 
am sorry to miss this further opportunity to revisit the Institute, where I had had 


s 
Оше Very pleasant 5 К РЕ incerest 
nt memories from my previous visits. I do, however, offer my sinceres 
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congratulations to the Institute and to all connected with it, and to you especially, on 
this occasion of its 25th Anniversary, and I wish every success to the celebrations and to 
the symposium, which is scheduled to follow this celebration. 


Mr W. R. LEONARD, Director, Statistical Office, United Nations, New York : 


I should have very much welcomed the opportunity to be present. The Institute 
has had a very distinguished history and in recent years is playing as ever increasing role 
in Indian affairs as well as in International affairs. I wish the Institute continue an expand- 
ing success. 


Mr. В. F. FowIER, Ministry of Labour and National Service, London : 


My warmest congratulations on the 25th Anniversary of the Institute, and my best 
wishes for the next 25 years. 


Dr. J. D. N. De Fremery, Secretary, Verenging Voor Statistiek, The Hague : 


Wishing a successful meeting at your Anniversary Celebration and the best result 
for your work in the future. 


Mr. HERBERT MARSHALL, Dominion Statistician, Dominion Bureau of Statistics, Ойаша, 
Canada : А 


We shall be thinking of your meeting in December. Wishing we could have been 
there and hoping that Anniversary will be eminently successful, as, I am sure, it will 
5 > А 


PROFESSOR CHARLES BETTELHEIM, Professor of Economics, Ecloe Pratique des Hautes Etudes, 
Sorbonne, France : 


On the occasion of the twenty-fifth Anniversary of the Indian Statistical Institute 


I am sending to you my best wishes for its future development and for the workers of the 
Institute. 


Having been associated with the activity of the Indian Statistical Institute during 
nearly three years, I know how much valuable work is being done there in the most various 
fields and not only in the field of statistics. I know what important part 75 nk 
Statistical Institute is playing also in the field of international cultural ond intellects 
relations. ` 


I wish to the Indian Statistical Institute, with i А 
> its alr ; t, a 
still more fruitful future. ready long past behind 1» 


PROFESSOR DAs, University of Paris : 


T е е di that my spirit will be present with you on the 17th December 
1956 to felicitate you and rejoice over the magnificient creation which you 1 achieved, 
not only of an Institute flourishing on its results, but also of an ln pope statisti- 
cians. 
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Мк. C. J. MARTIN, The East African Statistical Department, Kenya : 


May I send my sincere best wishes for your Anniversary Celebrations and congratulate 
you on the great achievements, which the Indian Statistical Institute have made in the 25 
years of activity ? 


SRI G. L. NaN DA, Minister for Irrigation and Power, Government of India : 


Kindly convey to the workers of the Institute my deep appreciation of the work 
done by them; especially that connected with the formulation of the Second Five Year Plan. 


SRI Алт Prasan Jars, Minister for Food and Agriculture, Government of India: 


I am glad to note that the 25th Anniversary of the Indian Statistical Institute is 
going to be celebrated this month. Your Institute has made a valuable contribution to the 
statistical work in India. 


I wish your celebrations success. 


Messages of greetings and good wishes were also received from Mr. M. H. Campion, 
Director of the Central Statistical Office, London; Dr. D. Ensminger, Ford Foundation, 
New Delhi; Mrs. Karin Kock, Head of the Central Bureau of Statistics, Sweden; Mr. B. A. 
Liu, Chief of Statistical Division, Department of Social Sciences, UNESCO; Mr. W. F. 
Ogburn, Indian School of International Studies, New Delhi; Professor E. S. Pearson, 
Royal Statistical Society and University College, London and Mr. G. E. Wood, Census and 
Statistics Department, Wellington. 


The Pakistan Statistical Association sent heartiest felicitations and referred to the 
Indian Statistical Institute as occupying 2 unique position in the East and an international 
a in Statistics. Other congratulatory messages were received from Sri G. B. Pant, 
ына of Home Affairs, Government of India; Sri J. J. Anjaria, Chief of the Resources, 
conomic Survey and Finance Division, Planning Commission, New Delhi; Professor 
аре Mukherjee, Vice-Chancellor, University of Lucknow; Dr. В. Balakrishna, 
Ме essor of Economics, University of Madras; Professor К. N. Bagchi, Principal, National 
edical College, Calcutta on behalf of Indian Science Congress Association and National 
i Institute; Sri S. Subramaniam, Joint Director, Central Statistical Organization, 
Uns, Delhi; Professor V. R. Pillai, University College, Trivandrum and Sri M. Verma, 
lversity Training College, Nagpur. 


Appendix 3: List of Papers completed during 1956-57 
A. "Theoretical Statistics 
A.l SUMMARY OF RESEARCH WORK IN THEORETICAL STATISTICS 
(The numbers in bracket are those of papers listed in Section A.2) 


TA tobability Theory (7, 21, 22): It is shown that the Fourier transform of a finite 

stite iil distribution, which is an integral function, cannot be without zeros in the 

а pr dg d plane. From this, it follows as а corollary that a random variable following 
Proper infinitely divisible law cannot be bounded. 
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Given a probability space (X, 5, ди) and a sequence of random vectors El, &, 
on it, such that the induced measures ifi, p£;', .. . converge weakly to a measure 
P, it is proved that there is a random vector £, which is such that P— pet. 


It is proved that any discrete stochastic process can be generated from a rectangular 
variable. No independent family of proper random variables, however, can be obtained 
from the rectangular variable, if the family is uncountable. 


Characterization Theorem (6): A characterization of the normal distribution is 
obtained as a consequence of the linearity of multiple regression and homoscedasticity of 
the conditional distribution, when all the variables concerned are interconnected by a linear 
structural relation. 


Sequential Analysis (1): It has been shown that the fundamental identity of 
sequential analysis is a special case of a formula for the probability that the sampling termi- 
nates at some finite stage. The formula is valid for any given sampling rule and yields 
simple proofs of known results and also some new ones, e.g., upper and lower bounds for 
the probability of eventual termination of a random walk in the case, when there is one 
fixed barrier and a draft away from the barrier. 


Multivariate Analysis (14, 15): In Biometric work, functions of characters represent- 
ing size and shape of an organism have been found to be extremely good discriminators 
between species, types and so on. New defnitions have been provided for size and shape 
factors, which are used in the classification of groups of persons livi 
India. A size factor is defined as one which, when its v. 
produces on the average desired amounts of increase ir 


ng in different states of 
alue is increased by a unit amount, 
1 the individual characters. 

A shape factor on the other hand increases the m 


agnitude of some of the characters 
апа decreases the others. 


New techniques have been provided for com 
conditions. By a suitable transformation of the time axis, which can be computed from 
the observed. data themselves, the essential comparison between groups of growth curves can 
be made to depend on a linear rate of growth and an exact test of significance used. The 
adequacy of such an analysis can also be examined by a suitable test of significance. 


paring growth curves under different 


Design of Experiments (2, 3, 4, 5, 16, 17): An expression for the efficiency of а 
general two-way design is obtained in terms of the association matrix and the optimality 
of the balanced incomplete block designs is established. 


Simplified proofs of some theorems on optimal desi 
and sufficient conditions, which characterise the matrix 4 
for an optimal design is derived. The criterion of optimality is based on considerations 


of bounds on power of testing a certain linear hypothesis or estimation of some parametric 
function with maximum precision or simplified analysis, 


gns are given. A set of necessary 
A, where A is the design matrix, 


A new class of designs are introduced for fitting response surfaces. These designs 
have the property that the confidence interval for the optimum point obtained by fitting 
a lower degree polynomial remains unaffected by the fact that a certain higher degree 
polynomial would give an adequate fit to the response surface. Other designs are con- 
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structed to explore the response surface in the near stationary region. Some of these 
designs could be used in stages. 

Block designs for fractional replicates for 2X3", 3 * 2, 3" X2" experiments have 
been constructed, using certain properties of orthogonal arrays and a theorem previously 
given by C. R. Rao. It has been shown that incomplete blocks may be used to have designs 
for the fractional replicates of factorial or partially factorial experiments. 

Estimation (8, 18, 13): The investigation on the efficiency of ratio estimates and 
two-moments estimates, mentioned in the previous report, has been extended to fairly 
general class of discrete distributions. Expressions for bias in these estimates to order 1/7 
(n being the sample size) are derived. Computational methods for determining maximum 
likelihood estimates in these cases are developed, which require a table of values of the 
distribution for various values of the parameter at sufficiently close intervals. The stan- 
dard error of this estimate can also be approximately evaluated by using this table. 

For the same general class of discrete distribution an explicit expression for the 
UMV UE of the parameter has been drived which has been tabulated for small sample 
Sizes in the particular case of Poisson distribution truncated at the origin, 

Sample Surveys (9, 10, 11, 12, 20): Different types of ratio estimates, based on 
esti ; " : А 8 
га obtained from т independent and interpenetrating sub-samples, are examined 

om the point of view of bias and mean square error. A correction for the bias in ratio 
esti А й $e ; É x 
Stimates is proposed, which increases the precision of the estimates in many practical cases. 

A generalised unbiased ratio estimator is considered and selection procedures 
Providing such estimators are suggested for a variety of sampling designs. 

T Аз an extension of the pps sampling designs new design are suggested, which gives 
n ; в à TER : i 

E Shly efficient estimates, even when the variate y under enquiry is approximately linear 
ir n 

1 the auxiliary variate 2. 


A.2. PAPERS 


1. Banapur, RAamu Ras: А note on the fundamental identity of sequential analysis 
(submitted to Ann. Math. Stat). 
2. CHAKRAVARTT, Inpra Moman: Simplified proofs of some results in the theory of 
optimal designs (submitted to Sankhyā). 
7——— Fitting response surfaces (submitted to Sankhya). 
7 —— Block designs for fractional replicates of asymmetrical factorial experiments 
" (submitted to Sankhyá). 
ee. Contributions to the design and analysis of faetorial experiments (a thesis 
" "bia to Caleutta University for D.Phil degree). 
TA, RADHA Govinpa: On some characterisation problems connected with linear 
Structural relations (Ann. Math. Stat, in press). 
^ — On a property of Fourier transforms of finite probability distributions (sub- 
mitted to Proc. Amer. Math. Soc.). 
8. 


Mrrra . 2 
i ; болт Kumar and J. Roy: Unbiassed minimum variance estimation in a 
с ; MEUS К 
ass of discrete distributions (in press). 
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9. 


10. 


11. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


21. 


22. 


Мовтну, М. N. апа N. S. NANJAMMA : Almost unbiassed ratio estimates based on 
, M. N. 
interpenetrating sub-sample estimates (submitted to Sankhya). 


N. S. МАхдАММА and V. K. SETHI: Some sampling systems providing 
unbiassed ratio estimates (submitted to Sankhya). 


NaxzaMMA, N. S. and M. N. Мовтну: Almost unbiassed ratio estimate based on 
interpenentrating sub-sample estimates (submitted to Sankhyd). 


. — — Murray M. N. and V. K. Serm: Some sampling systems providing unbiassed 
ratio estimates (submitted to Sankhyd). 


Pari, G. P.: On problems of estimation in a class of discrete distributions (a thesis 
submitted for the Associateship of the Indian Statistical Institute). 


Rao, C. RADHAKRISHNA: Bengal Anthropometric Survey, 1945 Part II: Statistical 
analysis (in press, Sankhyā). 


Statistical methods for the comparison of growth curves (submitted to 
Biometrics). 


RAMAKRISHNA, C. S.: Some contributions to the theory of designs involving only 


two replications (Thesis submitted for the Associateship of the Indian Statistical 
Institute). 


Roy, ЈосАввАТА: On the efficiency factor of incomplete blocks desgins (submitted 
to Sankhya). 


and S. К. MrrRA: Unbiassed minimum variance estimation in a class of 
discrete distributions (in press). 


Roy Снозурнивт, D. K.: On some extensions of pps sampling (a thesis submitted 
for the Associateship of the Indian Statistical Institute). 


Suhr, V. K., N. S. Nanzamma and M. N. MURTHY : Some sampling systems provid- 
ing unbiassed ratio estimates (submitted to Sankhya). 


VARADARAJAN, V. S.: On a problem in measure-spaces (submitted to Ann. Math. 
Stat.). 


On an existence theorem in probability spaces (submitted to the Academy of 
Sciences, Moscow). 


B. Applied Statistics 
B.l. BIOMETRIC STUDIES 


Das, B. C.: Differential rate of survival of the spawn of economie fish as a. functio? 
of water treatments. (Communicated to the Indian Science Congress, January 16, 
1957, Psysiology Section). 


Roy, 8. K.: Studies on the activities of earthworms. (Communicated to the Indian 
Science Congress, January 1957). 
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B.2. PSYCHOMETRIC STUDIES 


CHATTERJEE, S.: Standardisation of Iowa Mathematics aptitude test under Indian 
conditions. (Communicated to Psychology and Educational Sciences Section, Indian 
Science Congress Association, Jan. 1957). 


Das, Rura S.: Report on the IMRUP personnel selection program (rotaprinted). 


———: A methodological analysis of interview data. (Communicated to Psychology 


and Educational Sciences Section, Indian Science Congress Association, January 
1957). 


The interview in personnel selection (rotaprinted). 


— —— : A syllabus for psychometries for use in India (rotaprinted). 


(with S. K. Мітка) : A report on the evaluation of the NSS (operations) 
training and discussion conference (rotaprinted). 


Dasdurra, B.: A proposed weighting and scoring method in performance tests. 
(Communieated to Psychology and Educational Sciences Section, Indian Science 


Congress Association, January 1957). 


(with S. P. Sangal) : Explanation of psychometric research and service chart 
showing the Davis difficulty and discrimination indices for item analysis and instruc- 
tions for its use. 

— Some aspects of scaling in the two-stage selection process. (Communicated 

to Statistics Section, Indian Science Congress Association, January 1957). 


Harrer, A. EpwIN, Jr. : Recent advances in psychometry, Vidya Bhawan Society 
Silver Jubilee Vol. (in press)- 


Brief summary of studies concerning the validity of the Vellore Christian 
Medical College selection methods. (Confidential report to the College Board). 


(with T. K. SEN) : Revision of Diederich’s Test of critial analysis of Reading 
and Writing with accompanying notes (rotaprinted). 


Booklet on methods of hand and machine scoring of tests (revised edition) 
(rotaprinted). 

Mirra, Ѕнів K. with SIsKE, P. W.: Intra-individual variability as related to test 
score and item. (Bducational and Psychological Measurement, Vol. 16, No. 1. 1956, 
pp. 3-12). 

(with R. S. RHEA) : Report on the evaluation of the NSS Operations training 
and discussion conference, July 1956 (rotaprinted). 

——— PRSU Technical Report on RTS Short-term trainees selection test, March 1956. 

MUKHERJEE, S.: Empirical data on the accuracy of Jenkins’ short formula for esti- 


mating sigma. 


Sancar, S. P. : Explanation of Psychometrie Research and Service Chart showing 
the Davis Difficulty and Discrimination Indices for item analysis, and instructions 
for its use. 


Sen, Tapas Kumar: An empirical study of different methods of estimating test 
reliability. 
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Appendix 4: Scientific Inquiries (Psychometric unit) 


Inquiries which have led to the collection and/or analysis of data according to schemes 

developed in consultation with staff members of PRSU. 

DuRGANAND SINHA, Patna University: Item analysis methods and selection of 

items for a non-verbal test of intelligence. 

N. Smear, Utkal University : The specificity of trait aggression in a questionnaire. 

H. S. бил, East Punjab University : Research design for the validation of some 
hypotheses concerning the Roschach test. 

S. Parmax, Patna University: Analysis of data on attitudes towards marriage. 

N. С. 8. Rao, Jabalpur: Factor analysis of attitude scale items to test some of 
Eysenck's factors. 


Mrs. Lina Ray, Calcutta University: Analysis of data from а test of English ` 


literary aptitude. 

B. Dz, L.S. College, Bihar University : Analysis of symbol association data collec- 
ted from normal, anxiety and psychotic patients. 

A. N. Dep, Ravenshaw College, Cuttack: Beliefs in the causes and treatment of 
crime. 

Prem SHANKAR, Department of Psychology, Lucknow University: Measuring change 
of attitudes in community project areas. 

S. S. Мокнквл, Calcutta University: Study of juvenile delinquency in Calcutta. 

G. B. Karar, Department of Education, Calcutta University : Statistical treatment of 

‚ data for standardisation and validation of a scholastic aptitude test in Bengali for 
5th grade school children in Bengal. 


V. C. Rampo, Mangeli and Vellore : Statistical analysis of data on ocular conver- 
gence in India and Europe.. 


ANGLO-INDIAN Survey COMMITTEE :- Problems connected with a socio-economic. 


survey of the Anglo-Indian community in Calcutta. 


Other inquiries in which technical advice has been given by PRSU. 
DunaANAND SINHA, Patna University: (i) Measurement of anxiety with ques- 
tionnaires. 


(ii) Reliability and validity problems in the measurement of leadership in NSS 


cadets with verbal group tests. 


B. C. АзтнАхА, Aligarh University: Scaling of differently weighted papers in an 
examination. 


SRI OJHA, Delhi: Research design for the study of validity of the Children's. 


Apperception Test. 
RabuawATH Ratu, Utkal University: Attitude scale construction. 


B. D. BNATTA, College of Nursing, Delhi: The problem of reliability and validity in 
a measurement of recessiveness in school children. 
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Miss P. Ѕнкоров, Central Institute of Education, Delhi: Effect of childrearing prac- 
tices on the personality of young children as revealed through the medium of 
doll play. . 

BISwa NAT Muxuerst, Institute of Child Development, Ahmedabad: Research design 
for the study of the stability of perceptual. attitudes and its relation to certain per- 
sonality factors. 

A. N. Sen, National Tobacco Co: (i) Problems of classification and placement; 
(ii) Market research. 

В. Dx, L. S. College, Bihar University: Development of a selection battery for 
police inspectors. 

S. Janora, Banaras Hindu Univesity: Analysis and sealing of work association data. 

A. K. Par, Calcutta University: Measurement of the criminal personality. 

C. T. Pmur, All India Radio: Effect of radio on the cultural pattern of the 
country. 

S. P. Suxpar Rao, Christian Medical College, Vellore: . Health questionnaire 

analysis. 

| ' Smivas Brarracuarya, David Hare Training College, Calcutta: Construction and 

| analysis of interest tests. 

Appendix 5: Workers admitted to the degree of Doctor of Philosophy 
l. R. G. Lana (RTS): Characterization of Probability distribution and statistics from 

, suitable stochastic relations. 

2. A. MATTHAT (RTS): Some techniques of planning sampling investigations in Statistical 
Quality Control and Sample Surveys. 
3. J. Roy (RTS): On some problems in Multivariate analysis. 


Workers who submitted dissertations for D. Phil degree or AISI (Associateship of 
the Indian Statistical I nstitute) 


m 


I. СилквлуАвтт (RTS) for the D. Phil degree: Contributions to the Design and ana- 


| | lysis of factorial experiments. 
2. G. Harmaran (SQC) for the AISI: Report on the professional work in statistics 

carried out by him as a member of the SQC Unit. 

G. P. Parm (RTS) for the AIST: On some problems of estimation in a class of 
discrete distributions. 

4. D. K. Roy CHOUDHURY (RTS) for the AISI: On some extensions of pps sampling. 
Dual of a two-associate PBIB design and 

two replications, together with a list of all 


я 


C. S. RAMAKRISHNAN (RTS) for the AISI: 
contributions to designs involving only 
such designs. 

Appendix 6: International Statistical Education Centre (ISEC) 

T List of Trainees 

"OM, Term : July 1956 to April 1957 

Burma: 1. Kyaw Htay, 2. Maung Maung. 

Ceylon : 3. K. N. W. Upali Godammune, 4. T. C. Perreira Gunnaratne. 
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India: 5. Asit Ranjan Choudhuri, 6. Prem Lal Gupta, 7. K. Krishnan Nair, 
8. Aranjo Anthony, 9. M. Sankaranarayana Pillai, 10. Sudhir Kumar Banerjee, 11. Sudhir 
Toar Chatterjee, 12. N. B. Bagchi, 13. Gauri Sankar Chatterjee, 14. Dibyendu Kumar 


Mitra. аа 
Japan: 15. Teruo Nomura, 16. Hiroshi Sukegawa, 17. Yuichi Yoshioka, 18. 


Tetsuo Oguma. 

Pakistan: 19. Asad Zaman, 20. Md. Audil Seyed, 21. Md. Ataur Rahman, 
22. Equb Ali Khan. 

Phillippines : 23. Abadeso P. Gillera, 24. Antonio S. Alfonso. 

Singapore: 25. Chua Yew Keng, 26. Miss Sally Yeo. 


Thailand: Virool Boonyasombut, 28. Miss Suwatana Suksmarn. 


Appendix 7: List of successful candidates in professional examinations 
Statisticians’ Diploma Examination : September, 1956 


A. General Papers 


Paper I (Theoretical) : Avelino Jose Romandus Gonsalves (B2), Narayan Maha- 
baleswar Palekar (B6), Ramesh Laksiman Kamat (B9), Sashikant Kashinath Gadgil (B10), 
Meghasham Bhaskar Usagaunkar (B11), Vasudeo V. Ghalsasi (B17), Jagdish Jha (O1), 
Sukumar Chakravarti (C10), Nirmal Kanti Das Gupta (C11), Nirmalendu Bhowmick (C23), 
Sukhendu Nath (C24), Tapeswari Kumar Trivedi (D1), Avtar Singh Chawla (D2), Y. Shiva 
Rao (D12), Krishan Gopal (D14), Gopal Dev Ahluwalia (D16), Sudhindra Nath Ganguly 
(D22), Surendra Kumar (D26), S. Harihara Iyer (D34), Brij Mohan Mahajan (D47); 
Venkata Subramanian Radhakrishnan (M2), Arun Prabhakar Kulkarni (P6). 

Paper II (Theoretical): Shankar Shripad Telang (B5), Jagdish Jha (CI), Ela 
Romola Mukherjee (C3), Kalyan Das Gupta (C8), Prakash Chandra Kundu (C22), Nirma- 
lendu Bhowmik (C23), Sukhendu Nath De (C24), Shankar Bhaduri (C25), Manoj Chatterjee 
(C27), Ved Prakash Agarwal (D3), Dhara Puram Sundaresaiyar Ramaratnam (D27), Rajeswar 
Dayal Saxena (D28), Balaram Kohli (D48), Jugal Kishore Sharma (L1). 


Paper VI (Practical) : Dipak Chakravarti (C9), Gour Gopal Rudra (C15), Gopal 
Dev Ahluwalia (D16), Shriram Krishna Karandikar (P5), Arun Prabhakar Kulkarni (P6). 


Paper VII (Practical) : Shankar Bhaduri (C25). 


B. Special Papers 
Papers IV and V (Theoretical) 
(1) Sample Survey (Applied): Srish Chandra Baswria (C7), Amalendu Sengupta 


(C13), Nirmalendu Bhowmik (023), Tilak Raj Talwar (D25), Dev Raj Chavis (D32), Bharat 
Bhusan Behl (D42). 


(2) Sample Survey (Theoretical): Ved Prakash Agarwal (D3), S. Harihara Iyer 
(D34), Jugal Kishore Sharma (L1), Jagdish Narayan Srivastava (L4). 

(3) Economic Statistics: Tilak Raj Talwar (D25). 

(4) Statistical Quality Control: Sukumar Chakravarti (Olo), Nirmal Kanti Das- 


gupta (C11), Amalendu Sengupta (C13), Samir Ranjan Guha Roy (C18), Nirmalendu 
Bhowmik (C23), Sashi Kant Mathure, Gopal Dev Ahluwalia (D16). 
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(5) Design of Experiment (Applied) : Narindar Kumar Sahni (D18), Jagdish Kumar 
(D36), Brij Mohan Mahajan (D47), Jugal Kishore Sharma (L1). 
(6) Mathematical Theory of Sampling Distribution : Venkata Subramanian Radha- 
krishnan (M2), Arwind Parasuram Joag (P14). 


Papers VIII and IX (Practical) 
(1) Sample Survey (Applied) : Kalyan Dasgupta (CS). 


(2) Sample Survey (Theoretical) : Ved Prakash Agarwal (D3), Niranjan Singh 
(D28), 8. Harihara Iyer (D34), Nurani Parameswara Ayyar Mahadevan (M6). 


(3) Statistical Quality Control : Sukumar Chakravarti (C10), Sashi Kant Mathure 


(B7), Vasudeo V. Ghalsasi (B17), Gopal Dev Ahluwalia (D16). 


(4) Design of Experiment (Applied): Avtar Singh Chawla (D2), Niranjan Singh 


(D28), Tarun Kumar Gupta (D46). 


: (5) Mathematical Theory of Sampling Distribution: Venkata Subramanian Radha- 
krishnan (M2), 


Computer's Certificate Examination: September, 1956 


Part ТА, Sec. I : Kunja Behari Ghosh (CI), Nirmalendu Basu Chaudhury (C4), 
Kishore Dasupta (C5), Akhilendu Dutta (C7), Nirmal Krishna Chaudhury (C10), 
Madhab Munshi (C11), Sudhangsu Bhusan Das (C12), Sanat Kumar Banerjee (C14), Manin- 
dra Chandra Basu (C15), Chittaranjan Chatterjee (C16), Amal Kanti Bhattacharyya (C20), 
mA Kanti Banerjee (C25), Ranjan Kumar Bhattacharyya (C30), Kamalendra Nath 
uttarai (C31), Chunilal Basu Chowdhury (032), Raj Kumar Nandy (033), Amarendra 
Nath Ghosh (C38), Samar Krishna Basu (C46), Amiya Bhusan Chakravarti (C49), Animesh 
hakravarti (C64), Ramchandra Mitra (C67), Amal Kumar Banerjee (C71), Biman Chandra 
tra (C73), Amiya. Kumar Sinha (C79), Dulal Kanti Choudhury (080), Sambhu Nath 
Bhattacharjee (C83), Syamal Kumar Sen (C86), Amal Roy Choudhury (C87), Patit Paban 
anerjee (C91), Paresh Nath Bhattacharjee (C97), Nirmal Kumar Choudhury (C99), 
agendra Chakravarti (C114), Nirmal Chakravarti (C117), Nirendra Nath Sarkar (C119), 


сез Kumar Choudhury (C121), Devendra Kumar Debnath (C122), Dilip Kumar Ghosh 
0), 8 


(C135 


Amiya 


| саатал (C207), Shib Ranjan Banerjee (C211), Arun Sanyal (C214), Jyotirmoy Basak 
ah Ramesh Chandra Jeirath (D3), Dinabandhu Das (G8), Md. Muslim (G13), Giridhar 
atterjee (G14), Khanweldar Madhusudan Ramachandra (P4). 


Ch Part 14, Sec, II : Akhilendu Dutta (C7), Mrinal Kanti Roy (C9), Nirmal Krishna 
9udhury (010), Madhav Munshi (C11), Manindra Chandra Basu (C15), Amal Kanti 
attacharyya (C20), Tushar Kanti Banerjee (C25), Anil Kumar Bhattacharyya (C27), 
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Hari Bhusan Dutta (C28), Chunilal Basu Chowdhury (C32), Samarendra Barua (C47), 
Pranabananda Bhaduri (C50), Ramchandra Mitra (C67), Syamal Kumar Sen (C86), Paresh 
Nath Bhattacharjee (C97), Nirmal Kumar Choudhury (C99), Mrinal Kanti Sarkar (C107), 
Sourindra Nath Pal (C108), Sushil Kumar Tapadar (C116), Nirendra Nath Sarkar (C119), 
Keshab Chandra Banerjee (C120), Asoke Kumar Choudhury (C121), Devendra Kumar 
Debnath (C122), Nagendra Nath Das (C129), Ajit Kumar Sengupta (C137), Arun Prosad 
Sinha (C146), Tarani Kanti Palrai (C147), Monoranjan Das (C150), Narayan Chandra Sen 
(C173), Ajoy Kumar Sarkar (C186), Animesh Singhaw (C201), Kalidas Neogy (C205), Sanat 
Kumar Das (C209), Debabrata Bardhan (G1), Syed Resalat Kussain (G2), Sakti Kumar 
Chowdhury (G6), Md. Muslim (G13), Hari Narayan Joshi (P2), Khawelkar Madhusudan 
Ramachandra (P4). 


Burt IB, Sec. I: Madhab Munshi (C11), Ranajit Kumar Naha (C52), Pranab 
Kumar Mitra (C53), Sankar Bhaduri (C85), Nirendra Nath Sankar (C119), Nirmalananda 
Banerjee (C126), Sanat Kumar Das (C209). 


Part IB, Sec. II: Amiya Kishore Dasgupta (C5), Madhab Munshi (C11), Tushar 
Kanti Banerjee (C25), Radhashyam Nath (C36), Subir Kumar Roy (C37), Amarendra Nath 
Ghosh (C38), Subodh Kumar Pal (C39), Lakshmi Narayan Das (C42) Nihar Ranjan Saha 
(045), Sanat Kumar Bhose (C48), Pranabananda Bhaduri (C50), ймы. Mukherjee (C51), 
Ranajit Kumar Naha (C52), Asoke Dasgupta (C58), Monoj Chatterjee (C59), Kartik Chandra 
Bhattacharjee (C60), Biswapati Mukherjee (C72), Dulal Kanti m (C80), Sambhu 
ш Bhattacharjee (C83), Prafulla Kumar Basak (C84), Tinkari Pal (C100) deat Kumar 
Mitra (C101), Manik Ratan Acharyya (C106), Sibakar Ghosh (C115), Sushil гара Tapadar 
(C116); Amalendu Sengupta (C125), Rabindra Kumar Chakravarti (C127) PDuissnts Kumar 
Sinha (0128); Nagendra Nath Das (C129), Arun Chandra Cars ti (C131), Probhas 
ra ne VERA ds Киш: Sengupta (C137), Pranesh Chandra Kar (C140), Biswadhan 
^n dc aye 101); Раша] Mukherjee (C163), Keshab Chandra Das (C166), Bimalendu 
ahalanobis (C175), Mihir Kumar Rakshit (C178), Rabindra Nath Mukherjee (0183), Ajoy 
Kumar Sarkar (C186), Srish Chandra Basurai (C195), Sukha Sinchan Roy (C196) Kalidas 
Neogy (C205), Sanat Kumar Das (0209), Bimal Jyoti Sanyal (C212) Sharat Kumar Mitra 
(G4), Subodh Kumar Palit (G17), Md, Yusuf Ansari (G23), Hari аай. Joshi (P2). 


Part IC, Sec. I: Benoyendra Goswami ji 
AG E HEC (035), Ranajit Kumar Naha (092) 
Sukhendu Maitra (056), Anu Ranjan Mukherjee (C61), Subhendara Sekhar Das (C66), 


Nirmalananda Banerjee (C126), Rabindra Kumar С i 
> hakravart; ii D 
Gupta (C137), Arun Kanti Ghosal (C210). poe а Ре * 


Part ІС, Sec. II: Benoyendra Goswami i : 

Kumar Bhose (048), Pranab Kumar Mitra (053), 1 1 ie TE сни тт. 
(C59), Dhruba Ranjan Chakravarti (C102), Manik Ratan Acharyya (C106 v» i pori 
varti (C117), Nirmalananda Banerjee (C126), Rabindra Kumar в i inb. ums 
Kumar Sinha (C128), Tapan Dasgupta (C135), Ajit Kumar Sengu 7 = ү 5 а et 
Chattopadhayaya (C151), Gaur Chandra Mukherjee (2152) Ho 1 95 em 
Kulada Ranjan Biswas (C170), Badal Basu Mullick (C194) Srish у тен Ра 0190 
Arun Kanti Ghosal (C210), Kalidas Chatterjee (C216). ка вши 
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Part I, Sec. A: Venkataraman Srinivasarao (B8), Chitta Ranjan Saha Roy (C13), 
Bharat Bhusan Behl (D4), Shyamlal Aggarwal (D5), Pyare Lal Sharma (D6), Surinder 
Singh Kapoor (D12), Basudeb Prosad (G2), Ramachandra Prosad (G7), Thakur Indradeo 
Sharma (G9), Narinder Singh Sachar (L3), Sidhanand Nathani (L5). 


Part I, Sec. B: Sudhi Ranjan Dasgupta (C5), Bharat Bhusan Behl (D4), Shyamlal 
Aggarwal (D5), Pyare Lal Sharma (D6), Balbir Singh Bakshi (D11), Md. Muslim (G4), Narin- 
der Singh Sachar (L3), Sidhanand Nathani (L5). 

E Part I, Sec. C: Lalit Mohan Chatterjee (C3), ‘Bharat Bhusan Behl (D4), Shyamlal 
ggarwal (D5), Pyare Lal Sharma (D6), Ranjit Mukherjee (G5), Thakur Indradeo Sharma 

(G9), Narinder Singh Sachar (L3), Sidhanand Nathani (L5), Dori Lal Pachauri (L14). 

" Part II, Sec. A: Kamalendra Nath Duttarai (C6), Jahar Lal Ghosh (C14), K. 

oe (D3), Adisubramanya (B4), J. R. Doraiswamy Iyer (B5), Pyare Lal Sharma (D6), 
idhanand Nathani (L5). 


` 


Part II, Sec. B: K. Venugopal (D3), Sidhanand Nathani (L5). 


Appendix 8: NSS Draft Reports and Working Papers 
Drarr REPORTS 
l. NSS No. 13: Tables with Notes on the fourth round (April-September 1952) 
Vols. 1 and 2. 
к 14: Some characteristics of the economically active population. 
E 15: Report on sample-survey of Employment and Unemployment (May- 
November 1955). | 
» 16: A Technieal note on Age Grouping (4/R, West Bengal Sp. Study, 1954 
E and ESP Study, h-h. comparative, 1955). 
ж 17: A Report оп Small Scale Transport Operation 7th round 
(October 1953-March 1954). 


m » 18: Sample Verification of Livestock Census, 1956. 
i; „ — 19: Pattern of Consumer Expenditure, 2nd to 7th rounds, (April 1951- 
March 1954) 
К » 20: Small Scale Manufacture (October 1953-March 1954, Schedule 2.2, 
y 7/R). Ў 
И » 21: Small Scale Manufacturing Establishments (9/R), May-November 
T | 1955. 
ji » 22: Notes on Investigators’ Time ‘Records (8/R), July 1954-April 1955. 
WORKING PAPERS 
1. 


2 = note on the nature of the basic data on large industrial establishments. in India. 
a Evaluation of the N.S.S. 11th round Training and discussion conference of July 1956. 
Growth of urban Delhi. 
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bo 
t2 


2.3. 


2.4. 


2.5. 


2.6. 


3.1. 


Appendix 9 : Studies under Research Unit, NSS 


Desiren Uxrr: Sampling Design: (i) Almost unbiassed ratio estimates based en 
inter-penetrating subsample estimates. (ii) Some sampling systems providing 
unbiassed ratio estimates. (iii) Ordered and unordered estimators in sampling 
without replacement. (iv) Some experiments in the designing of crop acreage 
surveys. (v) Balanced systematic sampling. (vi) Some aspects of sampling theory 
and practice. 


Roy, J.: Review of old data: Note on inconsistent entries, non-entries etc, relating 
to employment and unemployment enquiry (sch. 10, 9th round, bls. 9 and 10) 


HALDER, S.: Note on occupational distribution of W. Bengal urban population 
(sch. 10, 9th round, W. Bengal urban, subsamples 1 and 2) 


BANERJEE, S.: (i) Quantitative estimates of consumption of cereals 
rural, 88-1 and 2). (ii) Some estimates of s 
estimates. (iii) N 


(7th round, 
ampling error in consumer expenditure 
ote on data on consumer expenditure and reference period. 


Dey, B.: (i) Quantitative estimates of consumption of cereals (5-6th rounds, rural 
58-1 and 2). (ii) Mistakes in the nature of omission and commission in Employment 
and Unemployment Enquiry (sch. 10, 9th round, bl. 13), 


BANERJEE, U. N.: A note on reliability of gross profit estimate from household trade 
Schedule. (sch. 2.4, 7th round, rural). (ii) Notes relating to (a) household trade 
concept and definition, (b) blank schedules and blank entries—extent of non- 
response, (c) wholesale trade, (d) retail trade, (e) gross value of purchase in rural 
retail trade (sch. 2.4, 7th round, rural, pilot SS-1). 


BHATTACHARYA, S.: (i) A note on handloom weaving industry in W. Bengal and 


Madras with special reference to cost in relation to receipts (sch. 2.2, 7th round, 
rural 88-1 and 2). (ii) A note on comparison of certain estim 
from NSS household manufacture enquiry (sch. 2.2, 7th round, 88-1 and 2) and as 


given in the Economic Survey of Small Industries of Calcutta for 1952-53 under- 
taken by West Bengal State Statistical Bureau. 


ates as compiled 


BHATTACHARYA, S.: A note on some primary aspects of Sample Survey of Manufac- 
turing Industries (Source material : Survey of Company Finance published in the 
Reserve Bank of India Bulletin in July, 1955). 

BANERJEE, U. N.: Review of current data : 
cations and suggestions for drawing the att 
of data in agr. labour enquiry (sch. 10.1, 115 


Notes in the nature of queries, clarifi- 

ention of the Field, based on scrutiny 

h round, rural SS-1 and 6) 

BANERJEE, S.: Scrutiny notes in connection with co 
(sch. 1.1, 11th round, rural). 


Mirra, C.: Field Studies: (i) Analysis and Report on Pilot 
designed to have an idea of response error and means to control it, (ii) Analysis 
and Report on Pilot Survey No. 3 (A study on nature and extent of re, 
pancies to the same set of questions put by different int 
time interval through detailed and condensed Schedules). 


Survey No. 1 (A study 


sponse discre- 
erviewers within a short 
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4.1. BANERJEE, U.N.: A study of investigator's time. record (on the basis of data provided 


in pilot survey No. 2 conducted in 30 villages of Hooghly District in West Bengal). 
5. Guosu, N. C.: Special Studies: A note on per capita cloth consumption in India 
in 1953-54. 


5.1. BANERJEE, U. N.: A note on validity of age data (on the basis of data collected in 
pilot survey No. 2). 


2. HALDER, S.: A note on comparison of basic materials for NSS sampling frame 
(tehsils) with published census data— for Assam. 


5.3. Dry, B.: A note on comparison of basie materials for NSS sampling frame (tehsils) 
with published census data— for Orissa. 


5.4. BANERJEE, U. N.: A note on comparison of basic materials for NSS sampling frame 
(tehsils) with published census data— for West Bengal. 


Appendix 10: Studies under Operational Unit 


l. Experiments on land utilization surveys in cadastrally wnsurveyed areas, Giridih 
(August October 1956): Experiments on ‘line sampling’ in land utilization surveys without 
making use of the village cadastral survey maps were carried out at Giridih. The investiga- 
tor was required to locate sample points at random over an area of 225 square miles guided 
duly by a Magnetic compass and a Survey of India map drawn to a small scale. At each 
Point he was required to enumerate line units of varying length. Similar experiments on 
a larger scale covering 4000 square miles were subsequently completed in the district of 

aaribagh. A number of studies was also undertaken to locate random points and 
enumerate line units within villages, for which no maps are available, either showing the 
Plot boundary or showing the village boundary. On the whole, the result of their studies 
Were encouraging. 


2. A study of the distribution of harvestable fields on different days of the crop 
Season wag undertaken during August-October 1956 in three centres of West Bengal. 
Unusual rains, however, partly affected the quality of data collected. 


Special crop-cutting experiments : Sample cuts of various ahapes кй fenes d 
tried out in Giridih on Aman paddy. The experiment on the estimation of paddy yield by 


Progressive harvesting was continued from the previous year. 

4. A small experiment was carried out in two centres to study the weight of field 
enumeration and variability for certain selected items of household consumption using 
varying 

"Ying lengths of reference periods. 
Experiments with ‘motorized units’ for conducting crop-cutting еа à нны 
ct of Birbhum in West Bengal was covered by the survey, in which t! ilm E : 
nducted by three teams, the first working on foot and covering 12 hi е B 
the third working with a motor car and covering 24 villages in a fortnight. e 
he survey are likely to be of interest for planning future programmes. 


5. 
entire distri 
tion Was oo 
Month and 
Tesults of 4 


; А " by the special 
Miscellaneous surveys : Various other surveys were conducted by Р 


unit m i 
mt and mention may be made of the following: A revisit of 410 households in Calcutta 
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covered in an earlier survey (April-September 1952) was organized with an aim to study 
the change in consumption pattern. Only 260 of the households could be traced in the 
revisit. Another study was made again in Calcutta to find out how the information (on 
consumer expenditure) collected varies, when different persons in the household tappa to 
be the respondents. A similar study was made in respect of opinion on certain items of 
common interest to find out how opinions vary between informants in the same household. 
Finally, а study was made on the basis of past data to find out whether the crop yield rate 
had any relation with the distance of the plot from the nearest road. In case there was no 
association, a cheaper crop-cutting survey would be possible by using plots adjoining roads. 


Appendix 11: Other projects and Studies 


1. Experiments on different methods of paddy cultivation: Ten experiments were 
conducted in Giridih on Aus and Aman crops to study the effects of different methods of 
paddy cultivation. In particular, interactions between spacing and number of seedlings per 
hold and the effects of different kinds of fertilizers were observed in these experiments. 


2. Progressive Maturity of Winter Paddy: Another experiment in Giridih related 
to a study of progressive maturity of Aman paddy transplanted according to the Japanese 
method, Altogether 3000 samples were collected and the analysis is in progress. 


3. Effect of manure on sugarcane: A third experiment in Giridih related to a 
study of the effect of manure on different methods of sugarcane cultivation. The experi- 
ment incorporated observations on the ratios between weights of sugarcane and juice, 
bagasse and gur for crops grown by different methods of cultivation. 


4. Family Planning survey: A preliminary survey was undertaken in 49 census 


blocks of Calcutta to study family planning. Married persons in 8000 households were 
interrogated. 


5. Special health survey: A somewhat similar survey related to the study of 


benefits of hospital services in West Bengal. The survey involved contacting a sample 
of ex-patients of hospitals. 


6. Experimental study of trading in West Bengal: This survey was started in 
January 1957 with the object of studying the level and character of trading activity in 
urban West Bengal and incidentally improving the trade schedule in NSS general enquiry- 
This was a fairly large survey involving 10 investigators under two inspectors. 


7. Survey with pre: coded schedule and mark-sensing cards : A pilot survey was carried 
out during winter 1957 with pre-coded schedules. The figures, which related to four villages, 
were then transferred to mark-sensing cards. 


8. Verification of census enumeration work: A complete enumeration of popula- 
tion in census slips was taken up in the middle of November 1956. The same operation 
was repeated in another winter in the same area, as soon as the work of the first worker 
was completed. In all three census blocks were covered in the study and the analysis of 
data is nearly over. j 


9. Special enquiry on consumption: A special study on consumption in Calcutta 
was initiated from January 1957. The work, which concerns study of different biases, is 
continuing. 
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Appendix 12: Working Papers on Planning, 1956-57 

Rov, Алт and BANERJEE, NRIPEN: Monopolies and concentration of economic 
power—Part I. (24 April 1956). 

Urapuyaya, P. K.: Measurement of the density of Railway Passenger Traffic. 
(28 May 1956). 

SENGUPTA, S. S.: Rates of utilization in selected manufacturing industries. 
(18 June 1956). 

Narasryuam, G. V. L.: A note on the utility of Cobb-Douglas type of production 
function for Indian Manufaeturing Industries. (28 June 1956). 

Roy, Алт: Indian Labour during First Five Year Plan. (2 July 1956). 

BurrELHEIM, Cm.: The technological choices and the aim of economic planning 
long-term planning: Paper No. 1. (9 July 1956). 

CHATTERJEE, N. K.: Shipping foreign and exchange. (12 July 1956). 

SHARMA, I. R. K.: Relation between investment and production of cement and 
steel in some selected countries. (l4 July 1956). 

CHATTERJEE, N. K.: Non-essential imports and foreign exchange. (15 July 1956). 

SENGUPTA, S. S., CHAKRAVARTY, А. and AGRAWAL, V. K.: A note on forecasting net 

product of 1953-54. (17 July 1956). 

SENGUPTA, S. S.: A model for periodical planning. (20 July 1956). 

BETTELHEM, Cu.: Basic data needed for solving the problems of investment alloca- 
tion and of technological choices : long-term planning : Paper No. 2. (21 July 1956). 

— —— : The allocation of investments: long-term planning; Paper No. 3. (23 July 1956) 

— —— : The problem of technological choices: long-term planning: Paper No. 4. 
(26 July 1956). 

7——-: Employment problems and economic growth long-term planning : Paper 
No. 5. (27 July 1956). 

—— —— : Modernization and Rationalization investments: long-term planning: Paper 
No. 6. (28 July 1956). 

7 — —: Some basic long-term planning problems—general conclusions : long-term 
planning : Paper No. 7. (30 July 1956). 

Naavi, K. A.: The problems of the elaboration of the provisional project of a long- 
term plan of India: Paper No. 8. (31 July 1956). 

The methodology of the elaboration of the provisional project of a long-term 
Plan of India: Paper No. 9. (1 August 1956). 

^ ——: The problems in the choice of technique during the Fifteen Year plan 
(1956-57 1970-71) of India: Paper No. 10. (2 August 1956). 

CHAKRAVARTY, A. K.: On factors of production of coal. (4 August 1956). 

Narasiynam, G. V. L.: Estimates of material production in India from 1949-50 

10 1952-53. (4 August 1956). 

Sumarma, I. R. K.: Relation between national income and production of some selected 
industries, (6 August 1956). 
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80. 


81. 


82. 


83. 
84. 


89. 


Тотхт PAPER or Section III: Annual Plan for 1957-58: A Draft Outline. (9 August 
1956). | 
TALWAR, T. R.: Commodity balances for the basic raw material (Indian industries 

1951-55). (10 August 1950). 


LuBELL, Н. and “KUKREJA, O. P.: A graphical increase in the use of consumption 
patterns. (17 August 1956). 


Rao, P. R.: Agricultural forecasts for 1955-56 to 1960-61. (24 August 1955). 


CHATTERJEE, N. K.: Un-utilised capacity, imports and foreign exchange. (27 August 
1956). 


Борка, A. and Roy, Brna : Some results in consumption studies. (7 September 1956). 
Narsu, A. V.: Size efficiency in Manufacturing industry. (19 September 1956). 


GHOSE, M. N.: An approach to the problem of investment in Railways and road 
transport during the Second Five Year Plan. (19 November 1956). 


CHATTERJEE, A. K.: Trends in Labour Productivity and Wages in Twelve selected 
industries (1946-1952). (4 December 1956). 


Das, P.: Progress of the industrial sector (organized) during the First Five Year 


Plan: an assessment. (7 January 1957). 


Appendix 13: Machine Tabulation Unit 


l. Strength of Tabulation Equipments at different centres 


Baranagar Giridih Delh 
machine total 
Hol- IBM Russian Powers- Hol- Hol- IBM 
lorith Samas lerith lerith 
April to September 1956 
accounting machine 5 5 - 2 1 i 1 15 
statistical machine - - = = =, = 2 
sorter 5 8 - 2 2 2 T 20 
caleulating punch 2 — 1 1 — 1 5 
collator — 2 — 1 il = P 5 
reproducer, gang punch 
& summary punch 6 6 - 3 2 2 1 20 
= i, 
October 1956 to March 1957 
accounting machine 6 5 2 9 2 1 2 20 
statistical machine - = m z A =“ 2 
sorter 6 8 4 2 4 3 2 29 
calculating punch 2 3 = 1 1 = 1 6 
collator = 2 T 1 1 = ES 4 
reproducer, gang punch 
& summary punch 6 6 2 2 4 2 2 24 


from 1.39 to 2.11 thousands. The total card passage through all the ta 
ESM’s during the year was 42660 thousands and 5623 thousands respecti 


2. The Output: The per hour output from tabulating units recorded an increase 


bulating units and 
vely. The tabulat- 


ing output as recorded is the highest since the inception of machine tabulation unit. 
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3. Cardstores were located at Baranagar, Giridih and Delhi with 400 lakhs of cards 
Stored in cabinets with 50 and 25 drawers each. This constitutes the punched cards of 
2nd to 11th rounds of NSS and related surveys. 


Appendix 14: Library 


1. The Central Library was concentrated in the main premises at 203 Barrackpore 
Trunk Road after almost complete transfer of material and personnel from 204 Barrack- 
Pore Trunk Road, where it had been partially accommodated. The Library now contains 
about 60,000 books and monographs besides a large collection of special material. Service 
centres were maintained as before at the City Office at 9B Esplanade East, Calcutta, and 
at Giridih, 


2. Books: The Library acquired 2873 volumes of books against 2717 last year. 
Of these 624 were received as gifts and 97 in exchange. In addition to these 683 volumes 
from the late J. C. Sinha’s collection, which was purchased year before last, were integrated 
Into the Library stock. The total addition to the book stock was thus 3556 volumes. The 
arrearage of volumes awaiting processing at the end of the year was over 1700. This was 
mainly due to the loss of three trained and experienced workers through resignation and 
transfer from the processing unit, which has been lying practically in deadlock since the 
Month of December 1956. 


Т 3. Periodicals: Тһе Library received 1297 periodicals and элн ааш; 1190 

For yoan, Of these 296 periodicals were subscribed to, M mnis received as gifts and 599 

aida on exchange basis. This necessitated the registration and processing of 9750 
8 Pieces during the year, an increase of 10 percent over the previous year. The 

brary subseribed to 39 new journals and entered into exchange arrangements with 7 new 

A and 19 foreign agencies, among which were 3 QE in Japan and USA, вас їп 

Mal › Netherlands and Pakistan, and 1 each in Bulgaria, Hungary, Indonesia, Italy, 
“aya, Poland and USSR. 


б Special Gifts : "The most notable опе was a generous gift of books and periodicals 
E Industrial Management valued at $ 2750 from the United States Technical Cooperation 


'5810n. in India, Which wad thankfully received by the Library. 


т For tho third year in succession the Library thankfully accepted a concession of 
ui offered by the Joint Committee on Slavic Studies (American Council of Learned 
eties and the Social Science Research Council) towards the annual subscription of $ 150 
the Current Digest of the Soviet Press. 


$12, 
Soci 
for 


mon A large number of available volumes and issues of ‘Wheat Studies’ and several 
pie of War and Peace Pamphlets, Fats and Oil studies and Grain economies were 
ully received from the Food Research Institute of the Stanford University, California. 


Comm Tha Library also thankfully accepted a generous gift from the Bengal Chamber of 
Catio 2700, Calcutta, comprising back volumes of several valuable periodicals, official publi- 
ns, newspapers, directories, etc. 
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5. Bibliographical Services: The Library compiled three reading lists from 
materials available in the Library on Linear Programming. Automation and Operational 
Research in railway transportation. 


The Library continued to issue the Weekly List of Selected Periodicals and the 
issue of the Index to Current Periodicals has been received since the month of August 1956. 
The issue of the Monthly Bulletin of New Acquisitions had to be kept agen pines the 
month of December 1956 in the absence of normal functioning of the processing unit for 
want of technical staff. 


: 6. Service and Circulation: The number of : 2 

QUO. н фу teme eden 
materialsissued was 46271 against 38055 last year, of which 10214 tah aa а i еч the 
Lending Section and 36057 from the Reference Section, the number of b 5 | à » : 
periodicals, which are issued for reference only, being 14360. The total п eie 5 ше е 
و‎ was 54160, so that nearly 14.5 percent of the requests coul ra n SE 
against 11.5 percent last year. The rise in the number of unfulfilled 3 m 
due to the increased demand for text books from the increased 8 d 


7. Circulating Library: Then Еа a 
was 764. i There was new os ens of А "detiene vw. 2 of this чины 
books, bringing the total to 7510 volumes. Stocks were rotated sen EP and 43 Oriya 
Library. The frequency of rotation was lessthan in previous years o 5 » hei 
of the more popular books, for which there was great demand at гель и 
number of books issued from Baranagar and Giridih were 16989 5 ‘i 


8. Ne ippings : А 

e di. cm Е The systematic processing and indexing of relevant topics 
i weit mem x or ae a чо important dailies and periodi- 
received through the All-India Press Cuttin, uid B» les of Caleutta and the cuttings 
се ин all over India. The a 3 bus han ue 1 
s Б Өр year was 8971, bringing the total number of clippings ind x 1 Ay m 
Action indexed from newspapers including supplement copies ec yh far to 2057 А 
ing of articles from periodicals had to be discontinued since Se ti А i = Tag haan 
of staff and the number of such articles indexed was only т ember 1956 for shortage 


9. Translation : Several requests i d th f English 
: а were received and complie with for gli 
translation of various matters in other foreign languages specially n : Ge 3 а 
Й > guages, a an, rman ar 
French, covering more than 300,000 words, which mostly related to economics o panei 
£ ©' 


ae A Russian language: class was conducted under the auspices of the Library for 
training up personnel to assist in translation work. Five students fr ad ibrary Кее 
completed the primary course. rom different sections 


10. Special Collections: Systematic i 
processing of the Russi K ived i 
the Library was taken up and a classified inventory of the same ie орн LEE = а 
has been prepared. ee 


Organization of the photo-duplicated material i 

Я in the Lib: di RE a ee sal 

cataloguing procedure was also taken up. The present stock . h arin e a 

film running over 2000 feet containing 21,065 exposures and 5840 15 җе reels of 
paper prints. 
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11. Records Unit: The Project Unit has mostly attached miscellaneous files and 
papers to the existing classified ones and has also arranged, classified, indexed on the 
Kardex' and made easy for reference 251 files, bringing the total number of files thus 
arranged to 12690 (against 12439). The Unit has received Duplicate Schedules of NSS 
4th to Sth Rounds, RTS Examination papers and Crop Survey Records from Giridih for 
classification and processing. 

In the Map Unit, 2863 West Bengal Cadastral Survey (Coloured), 1,58,800 East 
Pakistan Cadastral Survey, 78 Districts of East Pakistan and West Bengal and 2023 East 
Pakistan P.S. maps, totalling 1,63,744 (against 90,668), maps have been finally processed 
and shelved during the year through serial sorting and numbering, thus bringing the total 
number of all maps to 2,54,432 sheets. The number of maps issued to Field Branch and 
other unit was 29,137. 

12. Photographic Unit: Major work on documentary reproduction consisted of 
4501 frames of microfilm, 4533 paper prints from microfilm and 3491 photostats. The 
Photographie Unit also took 1890 still photographs of individuals, groups and important 
functions at the Institute as well as 3100 feet of motion picture, more than half of which 
was in colour. In addition to these 3004 bromide enlargements were made. Other types 
ОЁ work included the preparation of acre-plates, slides, photo-reproductions, hand-finished 
reproductions, ete. Requests from other Institutions for documentary reproduction were 
photoprints and photostats. The Photographic 


also complied with by supplying microfilms, 
f the Field Branch workers. 


Uni + 
nit also gave training in photography to some o 


Appendix 15: Brief Report on Visit to Japan and China : 1956 


sed of Pitambar Pant, Private Secretary to the 
Joint Secretary, Indian Statistical Institute, R. 
al Institute and M. Mukherjee, Deputy 
d by the Government of India to 


In June 1956, a team compri 

an, Planning Commission and 
катаал, Director, TMRUP, Indian Statistic 

x ee Central Statistical Organization was depute | 
ompany Professor Р. С. Mahalanobis to study plannir 
una and Japan. à 


Chairm 


ng and economie development in 


d the team and who was expected to , 
unfortunately fell ill in the USA and 
d visit to Japan and China. In his 


Professor Mahalanobis, who was to have le 

Was aq s Japan on his way back from the USA, 

absen AB to return to India, cancelling his projecte 
Ce, Pitambar Pant acted as the leader of the team. 

The team left Calcutta on 10 June 1956 and returned to Calcutta on 19 August 


It spent about a month each in Japan and China. 


Visit to Japan 


join it 


1956. 


i "CM. chief interest of the team in Japan was the study of economie development 
an, covering aspects such as :— 
(а) organization of small scale production and its relationship to large scale 
factories; 


(b) the development of machine-building and basic industries and expansion of 
capital goods; 
(c) industrial management with specia 
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(d) salary and wage structure in industries and other occupations; 

(е) arrangements for scientific and technical training ; 

(f) growth and structure of capital formation in relation to the expansion of 
national economy and increase of national income. 


The Indian Ambassador in Tokyo had intimated the Ministry of Foreign- Affairs, 
Japan of the purpose of the visit of the team and had requested that appropriate advice 
and facilities be given to the team to enable it to make the best use of its time in Japan. 
The Ministry of Foreign Affairs entrusted Asia Kyokai (Society for Economie Cooperation 
in Asia) with the task of rendering advice and assistance to the team in drawing up its 
programme of discussions and visit. The services of Mr. Теги Sasaki, a member of the 
Technical Cooperation Division of the Society, were made available to the team. The 
members of the team were grateful to the authorities in Japan for the facilities provided 
to the team to have discussions with officials and non-officials, visit institutions and places 
of interest and collect material and establish valuable contacts. The team spent most of 
the time in Tokyo but were able to find a week or so for visiting industrial establish- 
ments and other institutions of interest in Osaka and Kyoto. 


Within a short time of their visit in Japan, the team realized that there was à great 
deal of valuable material bearing on the subjects under study, but most of this material 
was in the Japanese language and had not been translated into English. It was obvious 
that in order to be able to make full use of the knowledge and experience available in Japan, 
it would be necessary to organize systematically the translation into English of material 
selected after suitable screening in consultation with Japanese experts familiar with any 
particular field. The team felt convinced that brief, sporadic visits of teams of experts 
from India to Japan to study developments in particular fields, for example small-scale 
industries, would in the long run be more costly and less productive of results than the 
organization on a continuing basis of a Unit for the translation and interpretation of 
selected Japanese material in different fields of interest, if such a Unit could be established 
in Japan under the auspices of some good institution, which should be in a position to 


mobilize and enlist the full cooperation of government officials, industrialists and business- 
men and individual scholars. 


-— result of several discussions with officials in government departments, visits 
to universities, research organizations, industrial enterprizes and associations and with 
the help of an ad hoc unit set up with Mr. Teru Sasaki as its leader, the team was able to 
collect about five hundred valuable publications, notes, 


memoranda, books etc., in both 
printed and cyclostyled forms. 


ў j A list of these documents was prepared and on the advice 
of experts, a tentative selection was made of material, that would be worthwhile to 
translate from Japanese to English language for the use of Planning organizations in India, 


The question of establishing a Japan Reference and Translation Unit was discussed 
informally with several officials, individual scholars, businessmen and industrialists in Japan 
and the suggestion seemed to find favour with them. The matter was discussed with the 
Indian Ambassador and he gave enthusiastic support to the idea. Subsequently, the 
Asia Kyokai was discussed with the Board of Directors of that Society. The Board 
expressed its appreciation of the proposal, found that the function proposed was in accord- 
ance with the Society’s own responsibilities and agreed to establish a Reference and 
Translation Unit, if Government of India so desired. 
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The Cabinet Secretariat was approached with a request to give approval to the 
project and to sanction an amount of Rupees five thousand per month for the expenses of 
the Unit. Necessary sanction was received, even while the team was in Japan. 


The Translation and Reference Unit was established in Asia Kyokai on a regular 
basis from July 1956 and has been functioning ever since. There is an influential committee 
to advise the Unit in the selection of material for translation. The representation in the 
Committee is on a wide basis; the members are drawn from among university scholars, 
government officials, industrialists and businessmen. A number of translators are engaged 
either on a whole time basis or on a specific contract. Although progress in the beginning 
was somewhat slow as the organization of work necessarily took time, the Unit has been 
doing satisfactory work during the last several months. A large number of documents 
have been translated and copies of the translated material, including charts and graphs 
are available in the Institute’s library in Caleutta and New Delhi. Several very valuable 
publications in the field of small-scale industries, productivity of machine industry, capital 
Accumulation, planning, structure of wages and salaries, agricultural extension, techno- 
logical coefficient: etc., have been acquired and are being utilized in planning studies. 


Even when the material already selected has been translated, the need for the Unit 
will remain, as there will be always new and interesting publications that may be expected 
to become available. Requirements of data change from time to time and there is a continu- 
ing need for getting comparative information from other countries, properly collected and 
digested under the supervision of experts, on subjects covering different fields and of 
Interest in our planning studies. 

Visit to China 

9 The team left Japan on 8 July and reached Canton the next day. One of the 
Directors of the State Planning Commission, Mr. Yung Lung-Kwei had come down all the 
way from Peking to Canton to receive the team. For the entire period of its stay in China, 
T, Yung Lung-Kwei looked after the team and earned the admiration and gratitude of the 
am for his quiet efficiency, great ability and friendliness. After a stay of two days in 
Canton, the team left by train from Peking, halting for a few hours at Wuhan on the way. 
Both at Canton and Wuhan, the members of the team met officials of the planning and 
Statistical organisations and visited institutions and sites of interest. In Peking, where 

Ө team spent most of its time, it held a series of discussions with officials of the Planning 

Ommission, Central Statistical Board, and other Government departments and visited 
factories, universities, training institutions and other places of interest. As there were 
already at that time separate delegations from India visiting China for the study of coopera- 


Wes and ag the team concentrated attention on the following main 
subjects: 


te 


ricultural planning, 
(a) Planning machinery and organization and techniques of Planning; 
(0) National income and its distribution; 

(c) Scope and organization of state trading. 

(d) Relationship between the public and the RES sectors; 

(e) Problem of crafts and attitude to cottage industry; 

(f) Problem of unemployment; 
(9) Policy and programme regardi: : à 
(4) Problem of organization and management of public enterprizes; 


ng heavy machine-building industry; 
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(i) Role of scientific research in relation to planning ; 

(j) Structure of wages and salaries. 

A detailed statement setting out the points for discussion and for collection of data 
had been sent in advance to the State Planning Commission in China. The Commission 
had taken great pains to draw up a very full programme of discussions and visits for the 
entire period of the team's stay in China. Discussions were held every morning from 9 a.mr 
to 1 p.m. in the office of the State Planning Commission and most often there was anothe. 
equally long session in the afternoon. On every topic of interest to the team, as indicated 
in advance by the team, an expert gave a talk, at the end of which questions were 
invited and answers given. Services of able interpreters were available and it was possible 
to take down very detailed notes. All the experts were evidently very well prepared and 
often had written notes with them. 


The visit was all too brief to enable much travel in a vast country like China. Most 
of the time was spent in discussions at Peking; but visits outside Peking were not altogether 
neglected. The team made a flying visit to the industrial areas in the North and in this 
visit were included Shen-yang, Anshan and Chang-chun. Apart from visiting the famous 
iron and steel works of Anshan, the new truck factory at Chang-chun and а number of 
industrial enterprises in Shen-yang, this visit gave an opportunity to the team to see the 
work of planning and statistical organizations at the provincial and municipal levels. 
Another interesting trip was to Shanghai to study the conditions of industries still in the 
private sector. One of the members of the team, Sri R. Natarajan, who was making & 
special study of industrial enterprises and labour relations, was able to visit some other 
industrial cities and also make а somewhat longer stay in Shanghai. 


Towards the end of their stay in China, the members of the team were invited to 
meet Premier Chou-en-lai and dine with him on 14 August 1956 at the sea-side resort 
of Pei Tai Ho. The meeting lasted nearly two hours and provided thf team with a unique 
opportunity of discussion with Premier Chou-en-lai on some of the major problems of 
economic development in China. The distinguished Director of the Central Statistical 
Board and one of the Vice-Chairmen of the State Planning Commission, Mr. Hsiu Mou 
Chiao and the Counseller, Indian Embassy Sri Bahadur Singh were among those who were 
present on the occasion. . 


At the request of the State Planning Commission, the members of the team delivered 
a few lectures at the Planning Commisson premises. Pitambar Pant spoke on Planning 
in India. R. Natarajan talked about Industries in India and M. Mukherjee spoke on the 
Statistical set-up in India. M. Mukherjee gave another talk to a small group of technical 
workers on the method of estimation of national income in India and the logical basis of 
income estimation work in the West and in the East. 

The team received every cooperation and assistance in its work and the warmth 
of friendship and the unobtrusive hospitality of the Chinese hosts left a, deep impression on 
the members of the team. 

The Indian Ambassador and the Counseller took great interest in the team’s work 
and their advice and guidance was of great value to the team. Of great assistance to the 
team was the ungrudging help given by Sri Paranjape of the Embassy whose mastery ° 
of Chinese language made it possible for the team to have a large amount of materia 
translated from Chinese into English in record time. 
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The visit to China was highly educative. The team was able to get a good under- 
standing of many aspects of development in China and was able to collect a large amount 
of very valuable information. The team was greatly impressed by the rapid advance in 
almost every field of activity in China and the purposefulness and determination, with which 
economie and social transformation was being attempted and being realized. 

On the return of the team to India, arrangements were made to set up a small unit 
in Calcutta and New Delhi on a part-time basis to translate selected Chinese documents of 
value for planning studies. It is a matter of satisfaction that the Indian Statistical Institute 
has been able to develop a nucleus of a Reference and Research Unit, which will bring together, 
translate and analyse material of significance and value from the Chinese and Japanese 
Sources. The existence of a very good library, copying, photostat, eto., facilities in the 
Institute and its wide contacts, make the task feasible. 

A number of notes on various aspects have been prepared for reference. A part 
of the material has been put together in two reports : 


l. Planning in China: Approach, Organization and Method by Pitambar Pant. 


2. Industrial Planning and Growth in China by R. Natarajan. 


Appendix 16: Members of the Council, 1956-57 


President : Sri Chintaman D. Deshmukh. 
E Vice-Presidents: Dr. P. N. Banerjea, Prof. S. N. Bose, Prof. D. R. Gadgil, 
Sir Shri Bain. 

Chairman: Sir D. N. Mitra. 

Vice-Chairmen: Dr. S. K. Banerji, Sri K. P. Goenka, Sri S. C. Ray, 
Prof. N. R. Sen. 


Treasurer: Dr. Satya Churn Law. 


Secretary : Prof. P. C. Mahalanobis. 

| Joint Secretaries: Sri Nihar Chandra Chakravarti, Sri Pitambar Pant, 
Sti S. o, Sen. i 

| Members: Srimati Chameli Bose, Prof. K. N. Chakravarti, Sri V. M. Dandekar, 
Sri Mohanlal Ganguly, Prof. H. Ghosh, Sri N. C. Ghosh, Dr. Q. M. Husain, Prof. D. G. 
а Prof. K. B. Madhava, Srimati Nirmal Kumari Mahalanobis, Sri N. T. Mathew, 
D. D. N. Mukherjee, Sri Moni Mohan Mukherjee, Dr. U. S. Nair, Sri R. Natarajan, 

T. B. Ramamurti, Dr. C. R. Rao, Dr. N. Sundararama Sastry, Sri Sadasiv Sengupta, 
Sri N. Chakravarti. 


Appendix 17: Governing Body of the Research and 
Training School, 1956-57 

Sri Sir D. N. Mitra (Chairman, ex-officio), Prof. P. C. Mahalanobis (Secretary, ex-officio), 
s LP. A, Gopalkrishnan, Sri Bali Ram Bhagat (Representatives of the Government of India), 
~ N. S. R. Sastry еза Bank оў India), Dr. U. Srivaraman Nair (Inter- University Board), 
Т. George Barrell (Associated Chamber of Commerce), Sri D. N. Mukherjee (Federation 
of Indian Chambers of Commerce & Industry): Dr. V. G. Panse (National Institute of Sciences), 
Sir Shri Ram, Dr. S. K. Banerjee, Prof. 


T, $ met 
J. P. Niyogi (Indian Economic Association); 
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S. N. Bose, Prof. K. B. Madhava, Sri N. C. Chakravarti, Dr. C. R. Rao, Sri Pitambar 
Pant (Representatives of the Council of the Indiam Statistical Institute). 


Finance Committee (of the Governing Body): Sir D. N. Mitra (Chairman, ex-officio), 
Prof. P. C. Mahalanobis (Secretary, ex-officio and Director of Research and Training 
School), Sri P. A. Gopalkrishnan, Sri M. S. Bhatnagar (Representatives of the Government 
of India), Dr. N. S. R. Sastry (Representative of the Reserve Bank of India), Mr. George Barrell, 
Sri Nihar Chandra Chakravarti (Members of the Governing Body). 


Appendix 18: Committees Set up by the Council, 1956-57 


Finance Committee : Sir D. N. Mitra (Chairman, ex-officio), Dr. S. C. Law (Treasurer, 
ex-officio), Prof. P. C. Mahalanobis (Hony. Secretary, ex-officio), Dr. S. K. Banerji, Sri S. C. 


Ray, Sri P. A. Gopalkrishnan, Sri D. N. Mukherjee, Sri S. C. Sen, Sri N. C. Chakravarti 
(Member- Secretary). 


Journal Committee: Prof. S. N: Bose, Dr. Debabrata Basu, Dr. Raghu Raj 
Bahadur, Prof. Panchanan Chakravarti, Dr. M. N. Ghosh, Sri D. B. Lahiri, Prof. К. B. 
Madhava, Prof. P. C. Mahalanobis (Editor, Sankhyü, ex-officio), Sri Moni Mukherjee, 
Dr. U. S. Nair, Dr. B. Ramamurti, Dr. C. R. Rao and Dr. N. 


of the Governing Body of the Research and Training School), 
Secretary). 


S. R. Sastry (Representatives 
Sri A. Mahalanobis (Member- 


Examinations Committee: Dr. S. К. Banerjee, Sri N. C. Chakravarti, Sri V. M. 
Dandekar, Sri M. L. Ganguli, Sri D. Y. Lele, Prof. K. B. Mahdhava, Prof. P. C. Mahala- 
nobis, Sri N. T. Mathew, Dr. U. S. Nair (Representative of the Governing Body), Sri Pitambar 
Pant, Dr. B. Ramamurti, Dr. C. R. Rao, Dr. N. 8. В. Sastry, Sri J. M. Sen Gupta, Sri 
Sadasiv Sengupta, Sri K.N. Chakravarti, Sri S. R. Rao, Sri N. C. Ghosh (Member-Secretary)- 


Appendix 19: Office Bearers and Council Members of 
Branches, 1956-57 

Bombay: Sri V. L. Mehta (President), Professor C. N. Vakil, Sri R. G. Saraiya, 
Sri L. S. Vaidyanathan and Dr. N. S. R. Sastry (Vice-Presidents), Sri M. A. Telang and 
Sri К. C. Cheriyan (Joint Secretaries), Dr. D. T. Lakdawalla (Treasurer). 

Mysore: Sri A. Ananthapadmanabha Rao (President), Sri Srinagabhushan® 
(Vice-President and Secretary), Sri R. Ramaswami (Hony. Treasurer), Sri Mir Ahmed Hussain 
(Joint Secretary), Sri S. К. Ekambaram, Sri В. Guru Raja Rao, Sri S. К. Rana, Sri C. Rama- 
swami, Sri R. Natarajan, Sri H. S. Narayana Rao and Sri S. K. Iyengar (Members of the 
Executive Committee). 


Aligarh : Professor D. P. Mukherjee (President), Mr. A. Salim (Secretary). 
Appendix 20: Board of Directors of the Intexnational Statistical Education 
Centre, Calcutta, 1956.57 
Chairman: P. C. Mahalanobis. 


Members: G. Darmois, В. G. D. Allen, E. Lunenberg (International Statistical Institute); 


P. A. Gopalkrishnan, S. K. Bose (alternate) (Government of India); С. В. Rao; 


S. C. Ben, A. Matthai, Secretary, (Indian Statistical Institute), 
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Á THE SCOPE OF BIOLOGICAL STATISTICS" 
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Statistics are always based on counting. and often on measurement. One 
May merely count all the individuals of a certain type, such as rice plants, in a certain 
ең, One may count individuals of several well marked types, such as members of 
different castes or blood groups, fish of different species in a tank, bean pods contain- 
ung zero to eight beans, and so оп. Or one may measure, and then group the indivi- 
duals, for example fish weighing between 1 and 1.1 kgm, or households with annual 
Incomes between 1500 and 2000 rupees. But the fundamental data are the numbers 


belonging to different classes. 

пез ''he individuals counted may be objects or events. Thus you may ТГВ 

he 10W many buses there are in Calcutta, or how many passed a particular point 

, Siven direction in every 5 minutes during 24 hours. If you do this you will count 

16 same bus several times in the day. 

hiis A biologist may be interested in objects and events with very different scales 

i. ^ and space. He may want to айшө {he numbers бї various kinds of cells 

Mi s bic millimetre of human blood. This contains about 5 NEUE red corpuscles 
„000 white corpuscles which can be classified into about 6 different types. Ог 


le m; 1 A Я 
"Ay be concerned with the human population of India or of the world. Again 


he 
m: тос : 
пау be counting nervous impulses of which 50 or so can be detected in a nerve 


fibr 
1 : ne ; 
8 © per second, or finding from the fossil record the mean duration a genus (about 
milli ; m 18 : à 
illion years for carnivora, 40 million for mollusca). His methods will, of course, 


1 This is Professor J. B. S. Haldane's inaugural lecture as Research Professor in the Indian 


Statist; 
“stical Instituto, It was delivered at a public funetion held in the Institute on 4 October 1957 at 


Professor S. N. Bose, Vice-Chancellor of Visva-Bharati presidod.— Editor. 
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be, quite different in different cases. For the small objects he will need a microscope, 
for the rapid events à record on a rapidly moving sensitive film. And so on. This 
means that a statistician must know something about methods of measurement. 
He must know that a beam of electrons acts as a lever without inertia in recording 
rapid processes, and radioactivity as a very slow clock in recording slow ones. He 
must know that the limits of accuracy in measuring small objects are given by wave 
lengths, those of visible light in microscopy, of electrons considered as wave packets 
in electron microscopy. Tf he does not understand the methods of measurement, 
he may grossly exaggerate the variation of what is measured. When he has data 
on a sample he will look for representative parameters such as means or medians, 
measures of spread round them, and measures of relation between different qualities 
or measures such as correlations. 


Let us take some examples at the microscopical level. The number of chromo- 
somes observable in the dividing nuclei of a plant or animal is usually constant in 
the germ line, that is to say the cells which give rise to future generations. Itis halved 
when the gametes, for example spermatozoa or pollen grains, are formed. The large 
majority of nuclear divisions forming them are regular in normal organisms. How- 
ever, in a fraction of the order of one per thousand the process may go wrong, a gamete 
being produced with a chromosome too few or too many. But in hybrids between 
species these errors are much commoner, and one can sometimes classify gametes 
according to the number of chromosomes which they contain. As however the chromo- 
somes may be as little as 1/ (.001 mm) in length, errors are unavoidable, and certain 
workers tend only tò count nuclei giving a clear picture. This obviously leads to bias. 
Again the diameter of a human red blood corpuscle (about 7.5% is somewhat variable. 
The variance may be greatly increased in disease. But diameters are usually estimated 
from photographs, and we still know too little about errors of measurement. For 
example, Attfield (1951) in my laboratory found a mean corpuscular diameter of 
7.65 in normal, and 8.59% in congenitally anaemic mice. But the coefficients of 
variation were 9.2% in the normals and 13.3% in the anaemics. The mean was 
increased by only 12%, the coefficient of variation by 45% or the variance by 16595. 
As we do not know how much of the variation is observational, the true increase 18 
certainly greater. 


The objects counted are usually individuals, but sometimes classes, sometimes 
both. An example of classes which are counted is given by species. For example 
about 200,000 species of flowering plants have been described. 21,000 of these are 
found in India. The only state with a larger number is Brazil. The U.K. has only 
about 1500. many known to be recent importations. Of course the number of species 
is nothing definite. But it is easier to count species than banana or banyan. trees. 
Again if you catch N insects with a light trap they will belong to n 1 8 The 
expected value of n is not far from / log N, where /: is a measure of the diversity of 
the insect population sampled. Comparative studies on these lines are needed. 
Little has been done in tropical countries. 


196 


THE SCOPE OF BIOLOGICAL STATISTICS 


The classical biometry of Karl Pearson was largely concerned with measure- 
ments such as stature, head length, strength of grip, and so on, though it must be said 
that Pearson's work on fertility was based on the counting of offspring. This biometrical 
work is certainly worthy of continuation. It is particularly important economically, 
since economically important biological characters, such as the milk yield of a cow, 
or the rice yield in grams per plant or per hectare are usually continuous variables, 
Before we continue I wish to consider variance as a biologist rather than a 
Statistician. If a character has a very small coefficient of variation in a population 
We may expect that it is important. Deviants may be weeded out by human 
agency. They may be weeded out by natural selection, as for example Rendel (1943) 
found that very light or very heavy duck’s eggs had less probability of hatching than 
those of median weight. Or it may be regulated physiologically as is the human 
temperature. An increased variance may mean a breakdown of natural or artificial 
Selection or of physiological regulation. For example Callan and Spurway (1951) 
studied spermatogenesis in hybrid newts. They found that the mean number of 
chiasmata (junctions between homologous chromosomes) was considerably diminished. 
But the variance was greatly increased. That is to say the mechanism of formation 
of the nuclei of spermatozoa was no longer being controlled at all closely. A decrease 
In à correlation coefficient usually implies increased variance in an index such as a 
Tatio of two lengths, which ean often be used as a measure of shape. Thus if the 
length and breadth of leaves are more highly correlated on one tree than on another, 
this means, roughly, that their shape is more constant, or more precisely regulated. 

Pearson investigated homotyposis, that is to say he discovered what fraction 
of the variance of a measurable or countable character, such as the number of ridges on 
a seed capsule, a shape parameter of a leaf, or the length of an egg, in a population, 
Was due to variation within so called individuals. (I emphasize the unsatisfactory 
Nature of the word individual. Palm-trees of most species seem to be individuals. 

hey cannot be propagated by division. But most trees would more accurately be 
described as dividuals), This work requires extension, because, as S. K. Roy has 
Shown, the mean of a character in different flowers of the same plant may vary during 
a Season, as may its variance. In fact we shall have to think of each "individual" 
Plant ag defining a population of leaves, flowers, fruits, and so on, and a group of 
Plants as a population of these populations. It might be possible to calculate 
Seneralized distances between pairs of plants, and to find the distribution of these in 


arge population of plants. 

We may perhaps expect quicker returns from mere counting, for example 

Counts of the numbers of seeds on different plants; and I hope that someone may do 
Or Indian plants what Salisbury (1942) has done for British plants in this respeet. 
те сап а]зо Study natural selection, that is to say the survival and fertility of organisms 
fering in qualitative or measurable characters. An extremely important quanti- 
tative character is resistance to insecticides and other poisons. Workers have usually 
Contented themselves with estimating the median lethal dose of a poison, and perhaps, 
though much more roughly, the dose killing 99%. Tt is no doubt satisfactory, for 
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the moment, to reduce the population of mosquitoes in an area to 1%, of its former 

value. But this involves intense selection in favour of resistance to the insecticide 

used, and experience has shown that in many cases the Darwinian view that such 
з 


selection will increase the resistance in future generations turns out to be correct. 


The classical biometricians were interested in- heredity, and therefore in 
characters which they believed were little affected by the environment. Geneticists 
have naturally shown the same bias. Human blood group membership is an ideal 
character for geneticists, because no case is recorded with certainty in which it has 
changed during a human lifetime. If, however, one is interested in improving the 
environment one should clearly look for characters which are mainly affected by it. 
No measurable human characters are entirely determined by the environment, as is, 
for example, the language spoken at the age of five years. However, it is clear that 
the weight of adults, or better the weight divided by the cube of the height, is more 
responsive to nutritional differences than is the height. Recent American workers 
have chosen such measures as the thickness of a skin fold as measures of nutritional 
status. The urinary excretion of vitamins is another. Work on such characters will 
be particularly valuable in India. 


Any biometrical work which does not allow of the comparison of relatives 
has a limited value. Though once the inheritance of such a character as blood group 
membership is well established, one need not make such a comparison in each popula- 
tion studied. The methods of non-human genetics, however, differ fündamentally 
from those of classical biometry in being experimental. If a geneticist suspects that 
a rare character is recessive he immediately mates two animals or plants bearing it, 
or self-fertilizes a plant. Only if all the progeny resemble their parent or parents 
can he conclude that it is recessive. This cannot be done with a supposedly recessive 
human character such as microcephalic idiocy. Animal and plant genetics almost 
always involve an alteration in the previous mating system of the population. studied. 


In consequence they involve novel statistical methods. Let me take an 
example. A sample of a human population includes a members of blood type M, 
b of type MN, andc of type N. On the null hypothesis that all types have equal sur- 
vival and fertility, and that mating is at random as regards these characters, we can 
easily show that the expectation of the statistic 4ac—b?--b is zero. But it is not 
quite a trivial problem to calculate its exact sampling distribution, and to establish 
confidence or fiducial limits. This problem is however trivial compared with that 
which faces an experimental geneticist. He finds D dominants and R recessives in 
a sample, having previously shown to his own satisfaction that the characters in 
question are dominant and recessive. He mates » dominants to recessives and 
obtains progeny. The number of progeny in the i-th of a families containing ПО 
recessives is d;, the number in the i-th of b families containing at least one recessive 
is d; dominants and т; recessives. From these figures it is required to construct 
statistics which will enable us to test various null hypotheses, including the hypothesis 
that dominants and recessives are equally viable, and that mating was at random in 
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the populetion sampled. I have not solved this problem, though I have given an 
approximate solution. I do not think that the same solution would satisfy Fisher 
and Neyman. 

Besides changing the mating system we may try to induce mutations with 
radioactive substances or otherwise, and to measure the frequency with which we do 
SO. The method which I have designed for this purpose (Haldane 1956) and which 
is now being used by Dr. Carter at Harwell, will, I think, measure this frequency in 
mice within 10% or so. Hence until a hundred induced mutations have been recorded 
the inaccuracy of various assumptions which I have made will not matter much. But 
if greater accuracy is desired, a number of extremely difficult problems will have to 
be solved. 

А very important field of biological statistics centres round life tables. "These 
ате often based on such large numbers that sampling errors are negligible compared 
With other errors which beset all official statistics, and are not wholly avoided even in 
Sample surveys. On the other hand a biologist may obtain a life table based on only 
a hundred animals, while being sure, either that there were no errors, or that three 
of the hundred were accidentally killed on known dates. The sampling theory 
APpropriate to such data only exists in part. 

Still less satisfactory are the methods for dealing with events whose probability 
varies with the animal's age. Within a pure line of mice, that is to say, a genetically 
homogeneous group of mice of the same sex, kept under fairly uniform conditions, 
cancer may be negligible till after the median age of death. The force of mortality from 
that a given individual will die of cancer in a 


Cancer, that is to say the probability 
short period, then rises, and may apparently reach a more or less constant value 
Which may be of the order of 1 to 2 percent per day. One can calculate, for a given 
Stock under given conditions, the median age of death from cancer, that is to say the 
age at which half the mice would be dead if all other causes of death were eliminated. 
But in doing so one must make the assumption that causes of death are independent, 
in the sense that those mice which died, say of kidney disease, were no more and no 
less likely than others to die of cancer within a given time if we could have prevented 
the kidney disease. This is rather unlikely in a pure line, and certainly untrue in a 
Mixed stock. Different stocks of mice differ in their susceptibility to cancer. They 
Certainly differ in the median ages of death from cancer, defined as above. They also 
differ in the incidence of к at different sites. It is at least possible that the 
median ages of death from cancer at various sites are sufficient to characterize the 


differ — 11 
ferences between cancer incidence in different lines. 


T have lately had to deal with a problem of this type in quite small groups of 


fish with which my wife has worked. When females are isolated, a few of them 


become hermaphrodites and produce offspring without the aid of a male. And 
s, a 


Probably most of those which live for a year extrude unfertilized eggs. These events 


are +, B : 5 ^ 
“Te recorded. But how are we to compare their frequencies in two groups each con- 
Sisti 8 T i > di 

Sting of about sixty fish, in which the median ages of death are decidedly different? 
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The statistical methods which I have tried all involve dubious biological assumptions. 
Even if they did not, I do not see how to use the standard methods of comparison 
such as Student’s test. Perhaps others may succeed where I have so far failed. 


Any attempt to obtain life tables for a natural population of animals is extra- 
ordinarily difficult. It is possible for a natural population of plants, at least after 
the seeds have germinated and the cotyledons (the first leaves) are visible. But it 
would be extremely difficult; as in nature seedlings are commonly hidden by compet- 
ing plants. The mortality must be immense, for some adult plants may produce an 
average of 100,000 or so seeds of which only one survives. But at least plants keep 
still. The best animal life table is that of Varley (1947) on a group of insects which 
stayed still because they spent a year in galls which they had made on plants. Varley 
opened about 50,000 galls, and concluded that about 1% of the larvae survived to 
emerge as adult flies, which then lived about a week. He enumerated and measured 
a dozen or so different causes of death in different parts of the life cycle. 


Apart from this the best data are on birds. Fortunately most birds are fully 
grown before they leave the nest, so one can put numbered metal rings on their legs; 
and count those which are picked up after a given number of years. The fraction 
returned in Britain varies from under 1% for some small birds to about 15% for large 
ones. Most birds die in their first year of life, as they must, since each pair of small 
birds lay from 3 to 10 eggs, and the survivors start breeding after a year. After this 
а remarkably constant fraction dies each year. The fraction is about a half for birds 
the size of the mynah. The data so far show no signs of old age. On the other hand, 
data on wild sheep, which register their age by adding a new ring to their horns each 
year, show a great increase in mortality after about twelve years. 


Sample surveys are essential when populations are very large. Let me give 
an example. Salt and others (1948) examined 20 cores from the same English pasture 
in November. They contained 42,753 arthropods, of which the majority were mites: 


and some were missed. There were 15,170 insects, but the numbers in a core varied 
from 250 to 1668, the mean being 758.5 + 56. 


The density was 2.6 x 10" per square 
kilometer, or 2.6 х 109 per hectare. 


This is the approximate number of human 
beings. In May the number was only 1.1 x 10? per hectare. The results are interesting 
as showing the extreme fluctuations in the numbers of some of the rarer groups of 
insects. Raw (1956) studied the Protura (primitive wingless insects) in the same are 
in a larger number of cores. The logarithms of h (adding 1 because of zero counts) 
were fairly symmetrically distributed, and 59% lay between + 0.3 of the mean. 


The samples are usually made by mechanical methods. But biological 
methods can be used. Lack and Owen (J. An. Ecol. 25) analysed 24 meals given bY 
swifts (an insect-eating bird) to their young, by gently pressing the throats of the babies 
after the mother had left them. They found an average of 680 insects per meal: 
These had taken about an hour to collect. The frequencies of different species Were 
significantly different from those collected at the same time in the same area by ® 
mechanical method, but species common in one set were usually common in the other. 
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1n the case of plants, or of animals which do not move quickly, at least during 
а part of their life cycle (like birds which are very immobile as eggs) one can study 
their distribution in a series of unit areas within a larger unit area, for example, wire 
Squares with sides of one metre, thrown down at random. We may find a Poisson 
distribution. As you know, the second factorial cumulant of a Poisson distribution 
is zero. If its estimate is significantly positive we may say there is a tendency to 
This could be due to the patchy character of the soil, the sociability of the 
animals in question, and so on, Where the second factorial cumulant is significantly 


bunch. 


negative we suspect some kind of antagonism between individuals or mated pairs, 
in some cases amounting to a territorial system. Thus in England we can divide 
birds into those whose nests are often close together, for example, rooks, and those 
Where each male defends a territory round his nest, for example most song birds. In 
the later case the mean number of nests in a unit area is less than its variance. This 
is one of the simplest statistical measures of animal social behaviour. 


My own work has mostly been of a rather different kind. I have worked out 
the Consequences of various hypotheses to see how selection, inbreeding, and so on, 
could be expected to act on populations. In the language of probability theory I 
have examined a number of Markoff chains. In few cases. have observational results 
been exact enough to confirm my conclusions more than quite roughly. However, 
the work Was necessary in order to arrive at a logically coherent theory of evolution. 


I think that the time has now come when one can see some of the observational 
data Which are needed. An important desideratum is a careful study of the inter- 
action between neighbouring plants. And since rice is planted out mui more 
regularly than wheat, it offers excellent material for such work. The interaction may 
be highly competitive. Sakai (1957) has found that some kinds of rice greatly lower 


1 елт". n "hia 
the yield of their neighbours, whether of the same race or a different one. This effect 
© 
m 


ay be so great that by selecting in each generation for the highest yield one obtains 
pl i 


ants With a lower yield than the original mixture. For highly competitive plants, 
‘hough they do well when surrounded by less competitive ones, may depress one 
Mother's yield very considerably. On the other hand, Gustaffson (1953) has Ош 
™ the Case of barley, that mixtures of certain races may give a higher yield than either 
хаба by itself. Such phenomena can, I think, only be studied statistically by the full 
Use of the techniques developed by Fisher. Their explanation will call for biochemical 
Father than statistical research. But the facts still demand much further SENSOR 
vestigation, Neither Sakai nor Gustaffson has made all the experiments possible 
“ith their own material. 

The improvement of animal breeds is based on artificial selection. This is a re- 
simple matter in the case of sheep where both sexes produce wool, and males 
9. be selected for their performance. It is much more difficult in cattle bred for 
milk Production or poultry for egg production, where only the performance of females 
can he Measured, and DM improvement is mainly by selection of males, since only a 
Small fraction of males is bred from, Ideally one would like to choose a bull who 


latively 
са, 
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"S W. ilk yi vas notably above the mean 
has begotten say ten daughters whose mean milk yield was notably a 8 
s ten years 


of their mothers' yield. То do so one might have to wait till the bull w 
old. This is practicable when artificial insemination is used. But in ordinary breed- 
ing one must be content with choosing a bull on the record of his mother, his grand- 
mothers, his aunts, and so on, and perhaps some sisters, or half sisters. Dickerson 
and Hazel (1944)) examined this problem statistically, and concluded that progress 
is quicker if the bulls are merely chosen on this basis and not on the performance of 
their daughters. If one waits for progeny tests the steps in improvement are larger, 
but there are fewer of them in twenty years. This question can only be answered by 
statistical methods, and the answer given for cattle is not necessarily valid for goats 
or poultry. 

The improvement of plants is a more complicated matter, as will be seen. from 

a consideration of some of the commonest trees round the Indian Statistical Insti- 
tute. Bananas (Musa spp.) are asexually propagated. The differences between 
members of the asexual progeny of a single plant are usually slight and rarely inherited. 
The bananas systematically grown in Bengal belong to quite a small number of clones. 
Tt should be possible to determine the mean yields of these clones as a function of soil 
conditions, time of year, and so on, and plan planting accordingly. "There is no reason 
to think that the mean yields of the different clones have anything like a normal 
distribution. So the analysis of variance into within-clone and between-clone com- 
ponents might be somewhat misleading. The mango is also asexually propagated, 
although grafting slightly complicates the problem. It is possible to make new clones, 
both of the banana and mango. But they: cannot be produced by simple selection. 

On the other hand the palms are propagated by sexual reproduction like most 

animals. In some species such as the khajur, Phoenix sylvestris, the sexes are separate. 
But so far as I know it has not even been determined which sex yields most yur OF 
toddy. The coconut palm or narikel, Cocos nucifera, is a hermaphrodite like most 
plants. It could and should be improved. But little can be done until the father 
as well as the mother of each nut planted to produce a new tree is known. This 
knowledge can only be obtained by climbing the trees, first to protect the young 
female flowers from pollen, and then to pollinate them from a known tree as father. 
Only then will it be possible to discover the effects of self-fertilization and the regression. 
of a tree's yield on those of its parents. 

I mention these facts simply to emphasize that even where, as with the palms. 
no genetics аф all are known, the statistician will be well advised to learn some ele- 
mentary biology. 

Į will indicate a few further fields of biology where I think statistical methods 
are needed. They have already been applied to some extent to the study of animal 
behaviour, but mainly, if I may say so, at a rather low statistical level. Some beba- 
viour consists in the very frequent repetition of the same act, or pair of contrary acts, 


— 


1 In this context а clone means all the plants derived from a single seedling by agoxual 
propagation. 
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for example of a fish rising for a breath of air, and a sitting bird flying away from its 
eggs and back to them. It has been usual only to record the frequency of the act, 
or the mean interval between acts, the variance of this interval being merely used to 
test the significance of the difference between means recorded under different circums- 
tances. However other moments of the interval distribution are just as interesting. 
Moreau (1939) found that intervals of absence from a nest had a smaller coefficient 
of variation than intervals sitting on eggs. This is intelligible, as too long an absence 
could. cool the eggs, perhaps dangerously. Spurway and I found that the intervals 
between successive ascents for air of Anabas testudineus had a nearly normal dis- 
tribution with a coefficient of variation about 25%. By altering the gas breathed, 
We could lengthen or shorten the mean interval, leaving the coefficient of variation 
and the shape of the distribution unaltered. Or we could barely alter the mean, 
but increase the variance about forty times, and make the distribution highly skew 
Positively, 


The application of statistics to experimental animal psychology has largely 
been to learning. 1 believe that it will be much more fruitful, at least for the next 
few Years, to study activities which are either unlearned or completely learned, 
SO that the learning process does not alter the animal's behaviour during our obser- 
vation. I should like to study animal technology, and in particular the construction 
of nests by birds and webs by spiders. Consider, for example, a weaver-bird’s nest. 
It may be made mainly from one species of grass. What is the mean number of 
blades used, and its Fal te between nests? What is the mean length of blade used 
M a given nest, and its variance? Do these vary between nests? The results could 


be © é 
compared with data on human craftsmen. 


Thi T have said nothing about the application of SABI to human psychology. 
ка чы Seems to have developed in rather serious isolation from other statistics, and 
It is at least; possible that a wholly fresh attack on it might be useful. Nor have I 
dealt With human medical statistics. The mathematical principles involved are 
Seldom difficult. On the other hand, the data are biassed for a variety of reasons. 
"or example, the fraction of cases of a disease reported varies with class and occu- 
Pation, This is obviously true in India, but it is also true in Britain. If coalminers 
е days through ‘Silanes than clerks, this is not wholly because coalmining 


los 
56 mor 
Tt is partly because coalminers are incapacitated by 


n" healthy occupation. i ы) el avec oro aute Edd 
SS which would not incapacitate a clerk. Again old coalminers have a rather 
Surprisingly low mortality. This is partly because those who suffer from illness in 
Middle age leave the ms pation and are registered as shop assistants, caretakers, 
or Members of some other not too strenuous occupation, when they die. 


ti Until the number of practising physicians in India is increased at least five 
Mes it is hopeless to expect adequate medical statistics in India. It is more 
i Б 3 - 

M portant to save lives than to keep detailed records of death and illness. And there 


are not enough ]t is not impossible that valuable 


i men and women to do both. 


formation might be gained by Sample Surveys, but their planning would demand 
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much knowledge of social and economic facts as well as of statistical theory. I have 
only been able to help medical statistieians when they were very sure of their data. 

In the diagnosis of disease, especially chronic disease, physicians are apt 
to rely on deviations from the median in one or more quantitative physiological 
characters. The mouth temperature and blood glucose concentration are well-known 
examples. However, the distributions of some such measurable characters are likely 
to be rather different in India and Europe, certainly on account of differences in climate 
and diet, and possibly on account of racial differences. For example, on going to à 
hot climate, Europeans usually increase their blood volume by 10% or so, thus dilut- 
ing their haemoglobin. The blood has many functions. One is cooling the body 
by moving quickly through the skin. For this function a high volume and low visco- 
sity are useful. I should thus expect healthy people in India to have a rather larger 
blood volume, with less haemoglobin and fewer corpuscles per millilitre, than 
comparable healthy Europeans. If so the criterion for a diagnosis of anaemia should 
be more strict than in Europe. We may hope that the research organized by Dr. 
B. C. Das in this Institute will furnish data on a number of measurable physiological 


and biochemical characters which will provide better norms for Indians than exist a6 
present. 


Statistical palaeontology is becoming important for two very different reasons. 
On the one hand, it gives us almost the only method of measuring rates of evolution 
directly. I can perhaps claim to have opened this particular field (Haldane 1944) 
by obtaining very rough measures of the rates at which the means of measurable 
characters changed in well established evolutionary lines such as the ancestors of 
horses. Mean rates were of the order of 34% per million years. On the other hand 
the means of certain characters in fossil molluscs are used to characterize particular 
British coal seams, The materials available are, however, biassed in several ways: 
Smaller and thinner bones and shells are more likely to be destroyed, or to be thrown 
away by collectors, who will on the other hand piek out grossly honte specimens 
even if they are damaged. A statistician who wishes to work on sueh data should 
have at least some experience of field work in palaeontology. 


I have said little of the mathematical problems raised. Pearson’s and Fisher's 
researches both arose from the consideration of biologieal questions. But they hav? 
not exhausted the mathematical side of the subject. The quexisot of experimental 
design has only been solved by Fisher for an important but limited class of У xperiments- 
Fisher's technique is based on the fact that agricultural soil is very variable. It is 
possible to standardize soil and other conditions in a green-house. ‘ Went (1953) has 
reduced the coefficient of variation of the height of individual plants in a pure line 
to 4%. Where such standardization is possible the question of experimental design 
is essentially one of costing. Standardization is expensive, but if it reduces the number 
of plants needed by 95%, it may be worth while, provided we are answering a bio” 
logical question, and not trying to answer an economic one. For cultivators are 
certainly not going to keep rice plants in individual pots with controlled humidity: 
lighting and so forth. 
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The work of Bonnier and his colleagues (e.g. 1948) in Sweden gives a beautiful 
example of this kind of planning. He wished to work on the influence of diet, in 
childhood and later, on the milk yield of cows. Is it economical to feed them very 
well as calves, or can they be left to find their own food, and only pampered during 
Pregnancy and lactation? He found that the mean square difference between milk 
Yields of pairs of monozygotic twins was about five percent of that between calves 
taken at random from the same herds. He therefore collected such twin pairs from 
all over Sweden, at considerable expense, and brought them up side by side in his 
cattle sheds on different diets. This reduced his expenditure on food, shelter, and 
attendance by about 9595. which far more than balanced the cost of advertising, 
transport, and tests on blood and other characters of the twin pairs which were 
needed to establish that they were monozygotic. It should never be forgotten that 
the planning of biological experiments, like that of sample surveys, is an economic 
Matter, 


An unsolved mathematical problem is the statistical treatment of growth 
curves. Human male heights, for example, increase rather suddenly during a year 
Or two at the age of puberty. But this age is variable. So the graph of the average 
height, of 100 boys shows a slow rise spread over many years, and is not typical 
of any individual. The problem of finding a representative growth curve, and 
estimating the variation round it, is difficult. It would be interesting, however, 
to collect even twenty such curves in India for comparison with European and 
American data. | 
А I am at present engaged in working out the theory of estimating rates of 
Increase of populations with known birth rates. The rate at which a population will 
Increase exponentially depends mainly on two parameters, the mean number of 
daughters per mother, and the mean maternal age at the birth of a daughter. The 
Other moments of the maternal age distribution are less important, though they cannot 
be neglected, However, all these statistics are correlated when individual mothers 
are considered, and it is hard to give even the approximate sampling variance of the 
Tate estimate, and would be very hard indeed to give its exact distribution, since 
the Statistics for individual mothers do not have normal distributions. 


Т hope T have shown you that the field of biological statistics is wide open. 
Professor Rao has improved a nd standardized methods in what may be called the field 
of Classical op Pearsonian biometry. But when we leave such data as measurements 
on adult human beings, distributions may be very far from normal. Salisbury (1942) 
Blves figures foy the numbers of seeds or fruits borne by different plants which are about 
ss Positively skew as the distribution of real incomes in India. That is to say, even 
the distribution of their logarithms is still positively skew. For nobody could live 
E опе tenth of the geometrical mean income, and plenty of people have more than 

Eu times this income. Tt is a striking fact that if two or more variates are fairly 
еу Correlated, for example length, breadth and depth in fish of the same species 
ut different Sizes, one can apply much correlation technique even if all the 
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distributions are extremely skew. For the breadths and depths of fish of a given 
length may have fairly normal distributions. Such methods are likely to be 
particularly useful in statistical palaeontology. 


I hope I have shown you that the field of biological statistics is very broad, 
and that there is still plenty of work to be done in it, both practical and theoretical. L 
would only warn you that practical work will probably be inefficient without some 
theoretical knowledge, and theoretical work may be ornamental but will not be useful 
without some practical experience. It should be one of the tasks of this Institute to 
see that theory and practice are not too widely separated. 


REFERENCES 


ATTFIELD, M. (1951): Inherited macrocytic onaemias in the house mouse. TII. 


Blood cell diameters. 
J. Genet., 50, 250. 


BONNIER, G., Hansson, A., AND SKJERVOLD, H. (1948): Studies on monozygous cattle twins. IX. The 


interplay of heredity and environment on growth and yield. Acta. Agric. Suec., 8, 1. 


CALLAN, G., AND Spurway, H. (1951): A study of meiosis in interracial hybrids of the newt, Triturus 
cristatus. J. Genet., 50, 235. 


DICKERSON, G. E., anp Hazer, L. №. (1944): The effectiveness of selection on progeny performance as 
a supplement to earlier culling in livestock. J. Agric. Res., 69, 459. 


Gustarrson, А. (1953): The cooperation of genotypes in barley. Hereditas, 39, 1-18. 


HALDANE, J. B. S. (1949): 


Suggestions as to quantitative measurement of rates of evolution. Evolution, 
3, 51. 


(1956) : 


The detection of autosomal lethals in mice induced by mutagenic agents. J. Genet. 
54, 327. 


Lack, D., AND Owen, B. F. (1955): The food of the Swift. J. An. Ecol., 24, 120-136. 


Moreau, R. E. (1939): Numerical data on African birds’ behaviour at the nest: 


Hirundo в. Smithtt 
Leach, the Wiretailed Swallow. Proc. Zool. Soc., 109A, 109-125. 


Raw, F. (1956): The abundance and distribution of protura in grassland. J. An. Ecol., 25, 15-21. 


RENDEL, J. M. (1943): Variations in the weights of hatched and unhatched ducks’ eggs. Biometrika, 
88, 48. 8 


SALISBURY, Е. J. (1942): The Reproductive Capacity of Plants. London, Bell. 


Sart, G., Horrrck, F. S. I., Raw, F., anp Brian, M. V. (1948) : The arthropod population of pasture 
soil. J. An. Ecol, 17, 139-150. 


Saxar, К. (1957): Studies on competition in plants. VII. Effect on competition of varying numbers of 
competing and non-competing individuals. J. Genet., 55, 227. 


VARLEY, G. C. (1947) : Natural control of population balance in the knapweed gallfly (Urophora jaceant): 
J. An. Ecol., 16, 139. J 


Went, F. W. (1953): Gene action in relation to growth and development. T 


Phenotypic variability: 
Proc. Nat. Ac. Sci., Washington, 39, 839. 


Paper received : July, 1958. 


206 


EXAMPLES OF INCONSISTENCY OF MAXIMUM 
LIKELIHOOD ESTIMATES 


By R. R. BAHADUR 
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SUMMARY. 'This note contains two examples, concerning independent observations from a 
maximum likelihood estimates of the population distribution 


fix в 
Xed population of real values, where 
to the actual distribution function. 


funeti f А : 
stion do not converge, as the sample size tends to infinity, 


Such examples are of interest since in previously published examples of the failure of the method, 


1 d nm " 
16 estimated distribution, if it exists at all, does converge to the actual one. 


The maximum likelihood (m.l.) method estimates the entire population distri- 
bution from given data, even if the statistician is interested only in some particular 
parameter, i.e, some functional of the population distribution. It therefore seems 
ally necessary, to enquire whether the method is 


interesti М s , 
teresting and appropriate, if not logic 
s of independent observations from a 


Consistent in the sense that, in increasing sample: 
Siven population, the estimated distribution converges, in 
to the actual one. According to this viewpoint, the consistency of the m.l. 
estimate of a particular parameter or set of parameters (e.g., a set specifying the popu- 
lation distribution) is a subsidiary problem, determined mainly by such non-stochastie 
questions as whether the parameters of interest are identifiable or whether they are 
Continuous functionals of the population distribution. 
Wald's famous proof of the consistency of m.l. estimates (Wald, 1949; 
Cf. also Kiefer and Wolfowitz, 1956) can easily be formulated so as to yield 
regularity conditions sufficient for consistency in the sense described above. 
However, the need for regularity conditions, except in so far as they guarantee 
the existence of m.l. estimates, is not clear from the examples in the literature (Basu, 
1955; Kiefer and Wolfowitz. 1956; Lecam and Kraft, 1956). In some of these 
oe the likelihood function is unbounded, so that m.l. ооу approximate 
estimates do not exist. In the others. where m.l. or approximate m.l. estimates 
do exist, it can be shown that the estimated distribution converges to the actual 
at, with probability one, the estimated probability 
a single observation tends, uniformly in events, 
at in such examples the m.l. 


a given intrinsic sense, 


istri а » 
of "шоң in the strong sense th 
any event in the sample space of 


to à 
ne Correct probability. It seems to the writer th 
„mate can hardly be claimed to be inconsistent, since the claim must be based on 


ео 11 p 
Nvergence definitions remote from statistics, ог on the failure of the estimated value 


of a E 5 
m discontinuous functional to converge to the population value. 
ow exhibit m.l. estimates that fail to converge 


he weakest of intrinsie senses. In both 
ation is denoted by X, and X takes real 


to th The two examples that foll 
de population distribution even in t 


exan р 
val "ples, a single observation from the popul 
Чез. For definiteness, it is understood that a sequence P,, Pa, ... of probability 


distri S ‘ Я 
at butions of X ‘converges’ to a probability distribution Q if P, (X < (+ Q(X <t) 
every continuity point of the latter distribution function as к oo. 
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Example 1. (The continuous case). Suppose that it is known only that X 
is distributed according to some Q such that 


dQ = f(x)dx, Fehde = ағ XL) 
a 


where f is continuous and 
0 < fle) <2 ... )2( 


for 0< u < 1. Given n independent observations on X, say X,, X,,... and Х,, 
itis clear that P, is an m.l. estimate of Q if and only if dP, = f,(x)dx, where f, is 
continuous and satisfies (1), (2) and 


R(X) = 2 for i = 1, 2, , N. xu (8) 


The inconsequential requirement (3) is satisfied by many inconsistent estimates and 
also by some consistent ones. The verification is omitted. It might appear at first 
sight that m.l. estimation fails here because the set of alternative distributions of X 
is infinite dimensional, but it is easy to construct versions of the same example 
in which the set in question is only countably infinite. 


In the preceding example, the m.l. principle provides no indication of the actual 
distribution. In the following one, the principle provides a definite but ultimately 
misleading indication. 


Example 2. (The discrete case). In this example, (i) X is confined to the 
non-negative integers j = 0, 1, 2, ...ad inf.; (ii) the set of alternative distributions of 
X is a countably infinite set {P}, Pa, .... Pg}, where 


lim P. = Po; . . (4) 
kn 
(iii) for each n = 1, 2,... and any set XI. Xa, . .. X, of n sample values, the (or an) 


m.l. estimate exists; and (iv) no matter what the actual distribution of X, any 


sequence of m.l. estimated distributions converges to Pe; more precisely; if 


ha = (XS. Xs, ..., X,) is the least index „ such that P, is an m.l. estimate based 
on the first n observations, then 


Pi? [ іт h, —o5]—1 a (9) 
na 
for each / = 1, 2, ..., 00, where Р) denotes the probability measure on the space 
of infinite sequences XI. Xs, ... when X is distributed according to P,. 
Let 


"MET. [ log log log (Ja) ] 


6 
i log log (j-+a) | 5 


for j = 1,2,... where a is a constant such that o; is well-defined and positive for 
j21, eg. а = 27. Next, let 


m; = b[(j4-a)[log (j4-a)]? a Oh) 
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for j = 1, 2, .. where b is chosen so that 3 
m; > 0, БА m, = 


= 
j=l 


, LE 


* — 


Define 
3/4 for j—0 
PAX = j) = 0) 
m, fo j>0 
and for each k= 1,2,... define 
3/4—d, for ј = 0 
РАХ =) = + m | fo J 0, = At (10) 


Vn, for ў=Ё 
Where d, = Vm une. И) 


Since 0 < d, < 4 and d, — 0 as ko by (8), it is clear from (8), (9). (10) and (11) 
that P 1 Pꝛ . .. Po is а set of distinct probability distributions, and that (4) holds. 

Now let Ху, Xp, ... be a sequence of independent and identically distributed 
observations on X. For any n = 1, 2,... let fj, = fin (X5; .... Xn) denote the frequency 
of the event (X =j} in the first n observations and let L,(k) = Li( Xi, X ..., Xn IK 
be the logarithm of the likelihood function. Then, for k < co, we have 


Lll) — L,(20) = fon log [1—(44,/3)]-- (fis log (1), — (12) 


by (9) and (10). Let | 
Y, = шах{Ху, Xs, ., X.) E 


Since Jin = 0 for all j > Y, it follows from (12) that Lk) < (Фо) for all 
ThE. Consequently there exists an J such that Ly = вар) (Le. an m.l. 
estimate exists), and there must be such an / in the set Ul, 2.0558 S Let h, be 
the smallest maximizing ^. We proceed to show that (5) holds. It will be shown, 
Incidentally, that 


P(e) [h, < Y, for all sufficiently large a] к es (14) 


for each k=1,2 оо. It is interesting to note that (14) holds even if Л, is the largest 
Maximizing index. so that the distribution Pa, to which all m.l. estimates converge, 
is Comparatively unattractive to the m.l. principle, even when P, itself obtains. 
Choose and fix a Б = 1. 2. .... or oo and assume henceforth that X is distributed 
according to P, Since У, эоо with probability 1. since %, > 1 for j = Y,. and since 
dd n 


log () > log (j+a)—log ®) — (15) 


mj 
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for j > 1 by (6) and (7), it follows from (12) that 


. nef log Y, apte 
lim inf ( 2021,02 \ > lim int { 2 | вай (16) 


no n n— 0 


with probability one. Now let M be an arbitrary positive integer. It follows from 
(12) that 
Lí3)— Leo) 


max { 
n 


)«x zx: NET) 
1«j&M 


where N is a constant depending only on M. Suppose for the moment that 


Pj? | tim {EF | 2] =1. ... 08) 
n—»o0 n 
It will then follow from (16), (17) and the definition of h, that, with probability one. 
M <h, < Y, for all sufficiently large n. Since M is arbitrary, this will establish 
(5) and (14). 

It remains therefore to verify (18). For any z > 1, let m, be defined by writing 
z instead of j in (6) and (7). Then m is a decreasing function of 2. Hence we have 


© 


NES b 
Р(Х > г) = т; > de = a w (09) 
ИХ >) PN mj > [ m; NE ааг ( 


for all z > 1 if k= and for all z >k if k < co, by (9) and (10). Let c be a 
constant, 0 < c < oo. A straightforward computation using (19) shows that 


eo 


>, PP los Y, < en] = [PAX < ен) <o... (20) 


n=l n=l 


Hence, by, the Borel-Cantelli lemma, log Y, > cn for all sufficiently large n, with 
probability one. Since c is arbitrary, (18) is established, and this completes the 
verification of the example. 

In conclusion, the writer wishes to thank his associates D. Basu, C. R. Rao, 
and V. S. Varadarajan for several discussions and helpful suggestions. 
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MAXIMUM LIKELIHOOD ESTIMATION FOR THE 
MULTINOMIAL DISTRIBUTION WITH INFINITE 
NUMBER OF CELLS 


By C. RADHAKRISHNA RAO 


Indian Statistical Institute, Calcutta 


tie SUMMARY. Maximum likelihood (m. I.) estimate of the infinite multinomial distribution exists 
Vit! ^ HH N n 
ith probability 1 and is consistent under a simple condition on the cell probabilities. To prove the 
consis p $28 

nsistency of an m.1. estimate of a parameter it is necessary to assume that the parameter is a. continu- 


ous fi x * 2 P А à i 1 
function of the distribution. The existence of the m.l. estimates of parameters and their consis- 


teney js Г 3 ; ; 
Y is established under conditions slightly weaker than those assumed by earlier writers. 


1. INTRODUCTION 


The object of this paper is to extend the results obtained earlier (Rao, 1957) in 

the problem of maximum likelihood estimation for the finite multinomial distribu- 

tion (f.m.d.) to the case of a multinomial distribution with infinite number of cells, 

Which may be denoted by (i.m.d.). 

TEN As in the case of the f.m.d., the consistency of the maximum likelihood (m.1.) 
Stimate of the i. m. d. is established first, and then the properties of m.l. equation esti- 

Mates are studied. 

TT In the parametrie case, it has been assumed for епаріоњу in presentation 

› there is only one unknown parameter. But the method of proof given here holds 

E^ for any number of unknown parameters without any modification or without 

Y extra results being proved. | 


2. DEFINITIONS AND PRELIMINARY LEMMAS 


The hypothetical frequencies in the infinite number of classes are represented 
ы M Ta, ...) and the observed relative frequencies by (pi. Pa: ...). АП summations 
he following definitions and in the rest of the paper are taken from 1 to co unleşs 


otherwise stated. 


Definition 1: The ml. estimate of the im.d. is а distribution 


^ 
^ ^ 
= (s Ta, ), if it exists, belonging to а given admissible class A of distributions 


77 
т, 10 ‘ 
' “or which the expression 


X p, log п; is а maximum c (uU 


wi : 
hen 5 ig restricted to A. 
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Definition 1.2 : л* is said to be an approximate or near m.l. estimate if 


У р; log п; > lo£ ^ sup X p, log 7; el) (2) 
n wed 


where n is the sample size and 0 <c <1. 


Definition 2: The m.l. estimate of 0 occurring in the specification of the 
hypothetical frequencies is a value of 0, if one exists in the adm 
values of 0, for which 


issible set of 


En log п; (0) is а maximum. . . (2.8) 
Near m.l. estimate of 0 can be defined in the same way as in definition (2.2). 
Definition 3: The m.l. equation is 


y Pi dr; 


LU = 2.4) 
т, db 0. s» | 


Definition 4: The maximum likelihood equation (or m.l.e.) estimate is that 


root (or a root) of the likelihood equation which provides the maximum of the likeli- 
hood when @ is restricted to the roots. 


The m.Le. estimate is not defined if the equation (2.4) has no roots. 


In what follows, we shall denote a sequence of independent observations from 
the given multinomial population by X = (x,. g, ...). 


Definition 5: A sequence of functions t, = t,(a,,..., Ap), т = 1. 2; ad 


inf, is said to be a consistent root of the likelihood equation if, except for a set of sequ 
Хе = (al, a, ... ad inf) of probability zero. 


ences 
(i) t, is well-defined for all sufficiently large n, 

(ii) 4, is a root of the likelihood equation for all sufficiently large ^ and 

(iii) t, % as n— oo, where 0, is the actual parameter value. 

In Definition 5. the phrase ‘all sufficiently large n’ means that for any given 


sequence X, there is an m, depending on the sequence, such that the statemen" 
is true for all n >m. 


Definition 6 : For each f in some index set let {tng} be a sequence of estimates 
of 0. This family is said to be uniformly consistent if 


u, = inf {tae} and v, = sup {tnp} 
J 


are themselves consistent estimates of Ө. 
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Lemma 1: If X a, and X b, are two convergent sequences of non-negative 
numbers such that Xa; > X bi, then 


У а: log % < 0, . (2.5) 


where the summation &“ is extended over non-zero values of а. The equality is attained 


when and only when a; = b; for all i. 


The proof of Lemma 1 is similar to that given by Rao (1957) when the number 
of elements is finite, following a method used by Kullback and Liebler (1951). 


Lemma 2: If the hypotheses of Lemma 1 are satisfied and if a; < 1, bi < 1 
for all i, then 


2 L 4 log z. > X'aj(a, b. *. (2.0) 
i 


То establish this, we note that for x > O, 


Е 1 
TERES —(w—1) aA with y € (1, 2). 
Tt follows hence that 


«(9-07 ve (2.7) 


where 22 с (af, b?) and hence < 1 for each i. Changing the signs on both sides of (2.7) 
and observing that X' а; t is not less than zero, we obtain 


A 1 b,— 1 а „ 2 
Vb а log E > У а; ( сха) > — a(b; — a) 
i i 


as desired, 
3. CONSISTENCY OF M.L. ESTIMATES 
Let A be the given admissible set of i.m. distributions, a typical member of 
H o ^ : 
Which is denoted by m = (my Ta ++): We shall make the following assumption about 


the true distribution 7° = (1.72; sss) t 


Assumption A,: En} log m > — ©. 

of the i.m.d. is established under this sole assump- 
The consistency of m.l. estimates under the same assumption can be also 
Proved by using the arguments of Wald (1949), as pointed out by Kiefer and Wolf- 


Owitz (1956). The proof given here, however, seems simpler and more direct, 


ту" 4 
"ol consistency of the m.l. estimate 
ion, 
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It may be worthwhile to note here that Assumption A, is not necessary for 
consistency. For, if we allow A to be the set of all possible i.m. distributions, the 
assumption A, is clearly not satisfied but the m.l. estimate, which is then the observed 
distribution, is consistent. On the other hand, it is known that m.l. estimates can 
be inconsistent when A, is not true (Bahadur, 1958). 


First let us suppose that the m.l. estimate exists and let us represent it by 
mS (11. Tas . .). If p = (Pı: Pa, ...) represents the observed cell proportions, then 


X p, log m < X p, log n; < X p, log р;. awo (Bei) 
By the strong law of large numbers 
У p; log п En? log 79; .. (3.2) 
where in what follows the symbol, when applied to random variables, indicates 


convergence with probability 1. 


For any given k and any sample sequence 
Xo = (æl, N, , n, . ..) we have г 


k 
L pi log pi < У pi log p; 
1 


for every n, and therefore 


lim sup È p, log p; < lim sup 5 р: log p;. 
п 00 п Эс 1 


Й а k j ) а 
Consequently, Bio Sup = pi log p; У п? log m! with probability 1. Since Ё is 
no i 1 


arbitrary, it follows that 

ps ndr X pi log pi < En? log л? s. (3.3) 
with probability 1. 
Hence 


On the other hand, = р; log p; > Хр; log n} by (3.1). 


lim inf Z р, log p; > lim inf У p, log 7? = En? log ug with probability 1. ... (3.4) 


n—»00 n-o0 
From (3.3) and (3.4) it follows that 


У pi log pi> Ў п? log 7? 
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and using (3.2) we see that all the three terms in (3.1) tend to the same limit. Since 
this common limit is finite by assumption A,, we have 
^ 
У p; log Z> 0. 
i 


Hence, by an application of Lemma 2, 


A 
E pi (-i) 0. 
^ 5 
hence р; (л; —р)#—› 0 for each i. This implies that (л;—л{) — 0 for each i for 
which z9 = 0, Consequently, re n? for every i. Thus the m.l. estimate of each of 


the individual cell proportions tends to the true value. According to a theorem 
of Scheffe (1947), this is equivalent to 


m- ж» ®) 


Which exhibits the consistency of the m.l. estimate of the entire distribution in а 


strong form. 

When the m.l. estimate does not exist but near m.l. estimates are considered, 
their Consistency can be proved by a modification of the preceding argument (cf. 
Rao, 1957). The modified argument is presented in Theorem 1 below for the 


parametric case, 


: As observed earlier (Rao, 1957), the estimation of a parameter presents some 
difficulty unless it is suitably related to the admissible distributions. If A = {r (0)} 
18 а given parametrie representation of the set A of admissible distributions, with 

real parameter, and % is the true value of the parameter, and assumption А, 
holds, then the consistency of the m.l. estimate of the parameter follows imme- 
diately, provided only that the following continuity assumption holds: 
ameter values for m = 0, 1, 2, 


Assumption Ay: If {Om} is a sequence of par 
then % 0, as m. 


uch that for each i = 1,2, .., 7,04) 790) as m 9o 


We shall now prove the following theorem. 

Theorem 1: If A, and А, hold, then the class of all approximate m.l. estimates 
(definitions 1.2 and 2) corresponding to а fixed c, 0 c < 1, is uniformly consistent 
(definition 6). 


To prove this result, we observe first that if 0* = „(ui, Wo, ...; Ln) is any 


a Я 
Pproximate m. I. estimate we have 


У p; log n) < SUP У p, log (9) 
< — 18 ° Lp, log т(0*) 
n 
S889 ыў log p; 
& c +2; 
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. (6% 
У р; log ا‎ + E < Xp log 749") ) < 0. wis (9:0) 


i i 


Tt has already been shown above that under А,, X p; log лб) — 0. Tt follows 


hence by (3.6) that 


inf Y p; log mt sg . (3-7) 


t 
An application of Lemma 2 to (3.7) shows that 


sup E p; [m(0*) —p;— 0. .. (8.8) 
Since Y p- Ho) 0, it follows easily from (3.8) that 


sup L nichl t) nile) 0. ... (8.9) 


We observe next, in consequence of Ay, that for any ô > 0, 


inf . %)) > 0. . (3.10) 
le—28o| 28 

It follows from (3.9) and (3.10) that with probability 1. for any 8 > 0, there exists 

an m (depending on c, à, and the sequence жү, 25 ...) such that for all n > m every 


approximate m.l. estimate 0* is in the interval (0,—8.0,--3). This establishes 
Theorem 1, 


4. PROPERTIES OF M. L. EQUATION ESTIMATES 


Tn this section, we state and prove some properties of the m.l. equation esti- 
mates and also establish the existence of m.l. estimates in the par 


ametric case under 
certain additional assumptions. 


Assumption Аз : There exists a neighbourhood of 0, in which each (9) 
is differentiable with respect to 0. 


Theorem 1. Under assumptions A,. A, .and As, for all sufficiently large 
n with probability 1, 1 
(1) m.l. estimates exist, and 


(ii) every m.l. estimate is an mm. l. e. estimate, and conversely, 


In other words, the class of m.l. estimates is non-empty and coincides with 
the class of m.l.e. estimates (definitions 2 and 4). Tt follows from Theorem 1 that this 


class is uniformly consistent. 
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To establish Theorem 2. choose and fix a > 0 such that each 7;(0) is differenti- 
able (and therefore continuous) in [0,—8. 04-8]. Next, choose and fix a c, 0 < с < 1, 
and consider the class of approximate m. 1. estimates corresponding to c. It 
follows from Theorem 1 that with probability 1, for all sufficiently large n, 
every approximate m.l. estimate 0% is in (0,—9. 0,4-8). Consider a partieular se- 
quence жү, a,... for which this is true, and a particular sufficiently large n. Let 
L,(0) denote the log likelihood at 0. If 6j. 0.. .. is any sequence such that 


1 7 
Lal sup (L,(0)). we shall have L, > EM Ee gup (Luc) for all sufficiently 
8 } 


large К, since 0 < c < 1, and hence %—8 < б, < 0-5 for all sufficiently large k. 
It follows that the supremum of L,(0) equals the supremum with @ restricted to 
[0,—8, 0,4-9]. and is therefore attained in the latter interval. "Thus m.l. estimates 
exist, 


Now let Û be any value of 0 at which L,(0) is à maximum. Since then Û 
is also an approximate mil: estimate, we must have bo- < Û < 0,4-0. Hence, as 
pointed out by Le Cam and Kraft (1956), the derivative of L,(0) must vanish at ê. 
a root of the likelihood equation, and therefore is an 


т 
Thus every m.l. estimate is 
m. l. e. estimate must be an m.l. estimate, since 


Т.е. estimate. Conversely, every Bh 
the maximum of the likelihood with 0 restricted to the roots of the likelihood equation 


has just been shown to equal the maximum likelihood with 0 unrestricted. This 


Completes the proof of Theorem 2. 

a under which the existence of consistent roots. 
and their identification as m.l. estimates has been established here seem to be consi- 
derably weaker than those assumed by earlier authors. Also the argument does 
"i depend on the number of unknown parameters so that the additional difficulty 
un establishing the existence of the roots of the m.l. equation present in some of the 
earlier proofs when the number of unknown parameters is more than one is avoided. 
However, proofs of other properties such as uniqueness of the m.l. estimate, and non- 
existence of two distinct consistent roots (Huzurbazar's theorem, 1948) seem to 
require additional assumptions. For example, if certain conditions on the second 
derivatives of z,(0) are satisfied, it is possible to deduce that, for some r > 0, with 
Probability 1, 


The assumptions 41, А, and 4 


max (L0) 0 v (ӨЛ) 
6 6 <F 


for all sufficiently large n, where dashes denote differentiation with respect to 0. 


Let {tin} and {tan} be two consistent roots. If for some sequence and some 
n, E 
u, tin & tan, it follows from Lf) = Шы) = 0 that there exists à 
tan € (tins ton) with Г) =%. ө. (4.2) 
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Since, with probability 1, the interval (tın: lan) is contained in (O- 054-7) for all 
sufficiently large т, it follows from (4.1) and (4.2) that we must have tın = ty, for all 
sufficiently large 7. Thus the consistent root of the likelihood equation is unique 
in the sense that any two consistent roots coincide for all sufficiently large 7. 16 
follows in particular that the m.Le. estimate is unique, and hence so is the m.l. 
estimate. 


[wish to thank my colleague R. R. Bahadur for several useful discussions 
I had with him during the preparation of this paper. 
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A REMARK ON STRONG MEASURABILITY 


By V. S. VARADARAJAN 
Indian Statistical Institute, Calcutta 


SUMMARY, Assuming a proposition which is woaker than the continuum hypothesis, it is 


Provec c А А s 
l that every measurable map of a measure space into a metric space 1S strongly measurable, provid- 


ed t ` E Ё 
he o-field in the basic space is generated by à denumerable sub-family. 


ü Let (о, S. и) be a probability space and let X be a metrie space. Let & be 
10 o-field of the Borel subsets of X. Given a measurable map ғ of © into X, it some- 
whether e is strongly measurable (i.e.) whether 


times be ы 
es becomes important to know 
f simple mappings of О into X. This 


бын has everywhere limit of i4 sequence o ! 
th A ance is the case whenever X is a separable motrio space or more generally, when 
я ae of the map ¢ is a separable subset of X (Hille, 1948). The question was 

in a recent paper (Varadarajan, 1958) as to when measurable maps ¢ are strongly 
measurable, Here we give an interesting sufficient condition on the domain (0, £) 
-i ensures that any measurable map of Q into x has ree range fand hence 
the эы measurable), X being an arbitrary motrio space. The condition is шй 
ма ا‎ nality of $ be < c, the power of the SODA In the proof of this result, 
frees. assume the truth of proposition 72 below. ‘This proposition is be immediate 
inde ]uence of the continuum hypothesis, but does not seem to have been so far proved 

pendently, 


Proposition % If ш is an uncountable cardinal, 2" > c. 


We now state and prove the theorem. 


tric space and е d measurable map 


of Theorem: Let X be an arbitrary me 
if proposition 7? is true, then ¢ has 


2 into X. J кее н up nü 
X. the cardinality of & is < c, ато 
Separable кол y of E 


Proof: We observe first that there is no loss of generality in supposing that 
X, ie. e maps о onto X. Next, if A is any Borel subset of X, A) 
is measurable. Finally, since ФХ] = X, A+B implies eA) * e XB). 
€ correspondence: 4—9-!(4) maps 4g in an one-one manner as à sub o-field 
> and hence the cardinality of & is < с. Now, it is known that this implies the 
rability of X, provided proposition 77 is true (Varadarajan and Ranga Rao, 1958). 


8 
Completes the proof. 


XJ — 
Since " 
Thug th 
of K3 
Sepa; 
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Remark: The condition on the cardinality of & is satisfied in many situations, 
e.g. when Q is a Euclidean space or a separable metric space (& being then the class 
of Borel sets), or when $ is generated by a denumerable sub-family. 
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A USEFUL CONVERGENCE THEOREM 


By V. S. VARADARAJAN 
Indian Statistical Institute, Calcutta 
SUMMARY. Let Xj, X. . be a sequence of k-dimensional random vectors. It is proved 


that i е apa oic Ha ч а "repe 

* In order that the distributions of the X; should be convergent to a limit, it is necessary and 
suffici E 5 aa ^ Д 

‘lent that the distributions of l (Xp) should converge to some limit for every linear function l. 


The present paper is concerned with convergence of probability distri- 

dus on finite-dimensional Euclidean spaces. It is proved that for a given sequence 
ay of probability distributions to have a limit, it is necessary and sufficient that the 
One-dimensional distributions (P,A7 have a limit for each linear function A. This 
theorem seems useful in situations where the multidimensional theorem involves 
dn computation. For example, this result ensures that in order that the sequence 
U ay be asymptotically normal, it is necessary and sufficient that the sequence {P,A-}. 
be asymptotically normal for each linear function A. 
In what follows, X is a fixed k-dimensional space and S the o-field of its 
Borel sets. Given a measure P on S and a measurable function A on X, there exists 
aà measure on the Borel sets of the real line, denoted by PA7, such that PA) 
=з POA) for every Borel set Æ on the reals. If P, and P, are two measures on 
8, Pjs P, when and only when PI = Pau for each linear function A on X. А 
Sequence (P. of measure a S will be said to converge weakly to P if 


92Р, >11 дар 
be x 


н every bounded continuous function g on X. This convergence is the classical con- 

vergence of Р, Levy. It is possible to prove as in the one-dimensional case, that оп 

the Space of all measures on X this convergence arises through a metric (Varadarajan 

1958, Where а result of much greater generality is proved). The importance of this 

result lies in the fact that we can use simple topological arguments in many situations. 
9 Now state a lemma. which is true under more general situations (Kolmogorov 

E Prohoroy 1954) but whose proof in the present case is very simple and 
ell-known, 


Lemma: Let T he a set of probability measures on X. In order that Г їз condi- 


ti : 
Pally compact (i.e. P is compact) it is necessary and sufficient that for each e > 0, there 


Sho " 
uld exist q compact set K, such that 


P(K,) > IE 
Jor all Pep. 
We can now state and prove our theorem. 
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Theorem: Let {P,} be a sequence of probability distributions en S. In = 
here should exist а Р such that P, => P, it is necessary and sufficient that for am 7 
dads puc A on X the sequence of one-dimensional distributions u converges 
2 
to a limit. | N 
Proof: The necessity of the condition is obvious. We will prove 15 к; e 
ciency now. Let Т [Pi Pas a} Let A; (i =l 2, ... k) be the projection : ^ 
on its i-th component. Since P. Af!) has a limit we can find numbers d and Pie 


such that 
Pr (а, Hie! = 1—e/ke 


$ A 
for all n. If we now define К, = (zx, ... €p): aj S v; < bj, for i = 1,2, . Ik}, 


we have 
P,(K,) > 1—6 


for all n. This shows, in virtue of the lemma, that T is conditionally compact. If 
T has two limit points Q, and O, then for any linear function A, Q,A7 and QA 
are limit points of the sequence {P,A+}. This sequence is given to converge and hence 
it follows that Q,A-! = Q,A3. Since A is arbitrary, Q, = Q,. Thus Г сап have 
only one limit point, say P. Since we have already shown that T is conditionally 
compact, it follows that P, == P. This completes the proof. 


As an interesting application we have the following. 


ч 
Corollary : In order that {P,} may converge to a normal distribution on X, 


it is sufficient (and also necessary) that the sequence {P,A converges to some normal 
distribution for each A. 


REFERENCES 


Korwoaonov, А. N. AND Pmononov, Yu. V. (1954): Bericht Uber Die Tagung Wahrscheinlichkeit- 
srechnung und. Mathematische Statistik, Berlin, 119. 


VARADARAJAN, V. S. (1958): Weak convergence of measures in Separable metrie spaces. Sankhyd: 
19, 15. 


Paper received : May, 1958. 


222 


ON STATISTICS INDEPENDENT OF SUFFICIENT STATISTICS 


By D. BASU 


Indian Statistical Institute, Calcutta 


SUMMARY. In an earlier paper (1955) the author stated that any statistic independent of a 
for all values of the unknown parameter. An example 


Sufficient statistic must have the same distribution 
stated above. Conditions under 


is given here to show that the proposition is not true in the generality 
which tho proposition is true are discussed. 


1. INTRODUCTION 


Let X be a random variable (sample) taking values in an arbitrary 
field of measurable sets % and the family 
of probability measures {Py}, 060. By a statistic T = Т(Х) we mean a 
measurable characteristic of the sample X, i.e., J is an „4-48 measurable transforma- 
(, A) into some measurable space (Z, ). The 
asures on JZ is denoted by 


Sample space @ with the associated g- 


= of the measurable space 1 
amily of induced (by the mapping 7) probability me 


{Р jm. 0e0. 


Tf DS is the same for all ĝe 2 then it is clear that an observation on the 


random variable 7 will be of no use for making any inference about the parameter 
atistic T contains no information about the 


a sufficient statistic then we may say that 
T contains the whole of the information about 0 that is contained in the sample X. 
arring these two extreme situations it is not possible to make a general assessment 
of how much (or what proportion) of information is contained in a particular statistic. 
he author feels that the question *How much information is contained in T ?' should 
29 rephrased as ‘How effective an observation on T is for making a particular 
ference about 0 27 Clearly the answer will depend on the kind of inference 
(tests of hypotheses point ór interval estimation etc.) that we wish to make 
and also on our Pb (or criterion) of effectivity. An element of arbitrariness is 
cii to enter into any attempted definition of the amount of information in a 
atistic. 


0. In this case we may say that the st 
Parameter 0. On the other hand if T be 


One interesting feature of Fisher’s definition (1921) of the amount of infor- 
8 isties. That is, if T, and T, are any 


Mation is that it is additive for independent stat 
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two statisties that are independent for every бє Q then the amount of information 
in (T1, Ta) is equal to the sum of the informations contained in 7', and 7, separately. 
This, however, does not appear to the author to be a necessary requirement for a 
satisfactory definition of information. It is possible to think of situations where 
T, and T', are equally informative (identically distributed for example) and are inde- 
pendent of one another but still, when an observation on T' is given, very little extra 
information will be supplied by an observation on Ta. For example, suppose we have 
a population whose distribution we know to be either N(0, 1) or N(5,1). A single 
observation from the population will identify the true distribution with a great measure 
of certainty. Given one observation from the population very little extra intor- 
mation will be obtained from a second observation from the population. Surely 
the total information contained in two independent observations from the popu- 


lation is much less than twice that contained in a single observation. The follow- 
ing is a more extreme example. 


Suppose it is known that a bag contains 10 identical balls numbered 04+1, 
04-2, ..., 0--10 where the unknown parameter 0 takes any one of the values 0, 10, 
20, 30, .... Suppose two balls are drawn one by one with replacement and let T; 


be the number on the i-th ball drawn (i = 1, 2). Here T, and T, are identically 


distributed independent statistics and each is sufficient for 0. Given an observation 
on Т, the distribution of T, gets completely specified and hence T, contains as much 
information as is contained in (J, Ta). 


Independence of statistics is sometimes loosely interpreted as follows :— 
‘If the statistic T, is independent of T, then knowing what the realization of T, has 
been in a partieular trial gives us no information about the possible realization of 
Т, in the same trial.’ When the probability measure on the sample space is only 
partially known the above interpretation of independence is no longer true. The 
example in the previous paragraph very forcefully brings this point out. 


2, STATISTICS INDEPENDENT OF A SUFFICIENT STATISTIC 


In the previous section we have given an example to show that a statistic 
can be independent of a sufficient statistic and still cont 


ain a great deal of information 
about the parameter. The example demonstrates that Theorem 1 in (1955) is not 


true in the generality stated there. Under some mild ein However AG 
; f ; 
theorem remains true. 


AU C CC D!!!! 8 
1Mr. R. H. Farrell of the University of Illinois independently arrived ab the ‘conclusions 060° 


tained in this section. In a letter to the author Mr. Farrell discussed the mistake in the proof of the 
theorem and gave an example very similar to the one considered above. 
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Let T be a sufficient statistic and let Ae /% be any fixed event that is inde- 
pendent of T. From the sufficiency of T it follows that there exists a S-measurable 
real valued function f(A |1) on Z(called the conditional probability of A given 7 = 7) 
such that for any Beg 


P(ACYT B) = A, P for all beg. 


B 


From the independence of the event A and the statistic 7 it follows that for 
any beg, 


FA = Py) OWN 


almost everywhere [P577] in t. 


From (2.1) we cannot conclude that Pg(A) is the same for all 060. 


* an E i : : 
If the two measures Ре, T 1 and Р„Т on (7, 8) overlap, [i.e., for any set 


Be G, Р, T^ B) — 1 implies that Ps T (B) is positive], then it is very easy to see 
1 = 2 
that (2.1) implies the equality of Po, (A) and F). 


24 ET s 
Tm T 6, if Py, T” and pam overlap. The equality of P,(A) 


and P(A) can be deduced if there exists 
`“ O such that 


a finite number of parameter points 0, 05, 


)2.2( 0 ج ... رو جے رو ве‏ 


We say 0 and Û’ are connected (by the statistic T) if there exists 01, 6, ... 0, satisfying. 
2.2). 
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Thus, we have the 


Theorem: If T be a sufficient statistic and if every pair of 05 in О are 
connected (by T), then any event A independent of T has the same probability for all 
0cQ. 


As a corollary we at once have that under the conditions of the above theorem 
any statistic 7; independent of the sufficient statistic T contains no information about 
the parameter. 
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INCOMPLETE BLOCK DESIGNS 
By M. ATIQULLAH 
University of Dacca, Pakistan 


SUMMARY. A nocossary and sufficient condition for the existence of a particular class of 
Balancod Incomploto Block (BIB) designs has boon obtainod in this paper, Tt is established that a BIB 


design with paramotors: 


V =n(n—1)/2; b M /; k= n =I); r= (I), A= 2, 


ean bo "rrungoed into two groups D, and Da, whoro D, and Ds are two associate Partially Balanced In- | 
complete Block (PBIB) designs with parameters dopending ou n. The converse is also provod. The 
9Xlstoneo of tho design D is thus mado to dopond on tho oxistoneo of tho design D», the impossibility 
P whieh for cortain valuos of n immodiately ostablishos tho impossibility of the corresponding design D. 

Bosides, an attompt has beon made to develop а method for construction as woll as for detormina- 


ton of the non-isomorphic solutions for cortain PBIB dosigns. Somo now solutions are obtained and in 


SOMO dus s г NOPE 
mo Casos. sovoral dosigns aro demonstrated to bo-impossiblo combinatorially. 


1. INTRODUCTION 


of Incomplete Block designs was evolved by Yates (1936) on 


The ai 
^ principle 
ed on in recent years. Тһе problem of enumera- 


which extensive work has been сг 
tion of all possible non-isomorphie solutions for Balanced Incomplete Block (BIB) 
designs Were diseussed by Fisher (1940), Cox (1940), Husain (1945) and (1945a). Bose 
and Nair (1939) introduced a wider class of designs, viz.. Partially Ba Incom- 
plete Block (PBIB) design which includes as a special case the BIB m and the 

Square lattices, A eeneralisation by Nair and Rao (1942), resulted in the inclusion of 
Cubic and other Higher dimensional lattices as special cases. Recently a distinct 


Advance has been made by Bose and his co-workers in U.S.A. in establishing more 


portant properties of PBIB designs and in some cases discovering combinatorial 
Solutions ; j 'oble testing the is "phi 

tions for a number of designs. But the problem of testing the isomorphism of 
design remains to be attacked, as also the problem. of 


the « А 

і " Solutions of a PBIB 

Nvest; А i x " е 
estigating the totality of non-isomorphie solutions. i 

sary and sufficient condition for the exis- 


tails Pa the present paper, a одов на ae у an ie 
ba а particular class of BIB design has been arrived at. Besides, on a тюр has 
een made to develop a method for construction as well as for determination of the 
Len- isomorphie solutions for certain PBIB designs. This method is based on the 
E Of “chains” which was originally introduced by Husain (1945) but it was 
ey anie ЕУ e o اا‎ 
› ave been modified by the author and its applica a1 
Solutio designs as well as to à particular type of BIB Lari P some new 
А ns are obtained and in some cases several designs are demonstrated to be 


Mane 
Possible combinatorially. 
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2. RESOLVABILITY AND IMPOSSIBILITY OF SOME 
INCOMPLETE BLOCK DESIGNS 

Definition : An Incomplete Block design with v varieties each replicated 
r times in b blocks of k experimental units each (k < v) and no variety placed more 
than once in the same block is said to be a PBIB design if the following conditions 
hold: 

(i) There can be established an association relationship between any two 
varieties such that (a) two varieties are cither Ist, 2nd... or m-th associates, (b) each 
.m) and (c) given any two 


variety has exactly n; i-th associates—(? = 1, 2 
varieties which are i-th associates the number of varieties common to the j-th associates 
of the first, and k-th associates of the second is pi, and this number is independent of 
the pair of varieties with which we start. Also, pj, = pij. (tJ: == 1,2, ..., т). 

(i) Two varieties which are i-th associates occur together in exactly A; blocks. 
Without loss of generality it is generally assumed that A; > А which implies that the 
X's need not all be distinct. When all the A's are equal, we get a BIB design. In 
the so-called symmetrical Incomplete Block design, v = b (or equivalently r = k). 
Tt is known that the following conditions are satisfied by the parameters of v, b,” 
By M, Ags . А» Ni: Moy ees Nn; Diy (i, J. k = 1, 2, . ., m) of the design. 


vr = bk, 
т 
v—1 =}, ^, r(k—1) = X nA, 
۵ ü _ m-l if ij, 
Pe = 
id n E EAR 
n Pir = турі, = N DE, (i, J. k= 1, 2, , n). „. (2.1) 
If m = 2, then clearly 
vr = bk, 


0—1 = ni Tn: r(k—1) = nA nA 
PII LPI EI = ii LI = т, 
Pha tP = I EM- = ng, 


p" L ox TP. є С 
Nile = пуду and турь, = napa. 


(2.2) 


Furthermore, if values are assigned to the parameters of the first kind 
(v, b, т, k, Ау. Az: № and ng) satisfying (2.2), then there is one independent parameter 
of the second kind (pj, for i,j, k = 1, 2). The parameters of the second kind 25 
customarily exhibited as elements of two symmetrie matrices 


wi a "5 ^ 
X ee Pu Pia е Рт Pie 
P = | > Dir = . 
Pho Ph 


m2 m2 
121 22 
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Bose and Shimamoto (1952) gave among different types of PBIB designs 
for two associate classes a special type of design TSLB (Triangular Singly Linked 


Block) which has the following parameters; 


v= pa, „bn, = 2,Ё = n=l MER LAS 0, 


f = 2n—4, Ny = (n—2)(n—3)/2, 


on n—3 ) 
n—3 (n—3)n—4)/2 


( 4 2n—8 - ) um 
PRA э 8 Owe sf Ei. 


It will be shown that this design forms a part of a BIB design with the same 


1 
Pir 


e having parameters, 


__ 0—1) * n I, ет, Wee lo 24) 


2 à 9 


v 


For future discussion; any block chosen arbitrarily of a design under study 
may be called an initial block: it may be denoted by the letter U and its varieties 
by different 0's and the non-initial varieties (those not contained within U) by di- 
ferent ys. Small letter ui, will stand for the number of blocks having (= 0,1, 2, .., k) 
varieties common with U and the capital letter U, for the set of blocks each 
having ( =0, 1,2, . . ., k) varieties common with U. The BIB design (2.4) and the 
TSLB design (2.3) will be shortly designated by W and Г respectively.. It is well- 


known that a design Г always exists. 


. A * 
Theorem 1: A necessary and sufficient condition for the existence of a BIB 
design W forn > 4 és that there exists а symmetrical PBIB design with the following 
> ] 1 


Parameters : 


r=k=n—l, = 2, A4 = 1.‏ ر 


ny = (n—2)(n—3)/2. " = ncs 


(n—4)(n—5)/2 2n—8 
Pe = ( 4 


2n—8 
n—3)n—4)2  n—3 
Е ( : . (2.5) 
i n—3 n—2 
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Proof: Let 7 denote a symmetrical PBIB design (2.5) and suppose this 
exists. Then a BIB design W can be obtained by the juxtaposition of л and Г. 
For, a variety which occurs n—1 times in л must necessarily occur twice in Г. Also, 
a pair of varieties which occurs once or twice in 7 must occur once or zero їн 
respectively, in P. It implies that the same varieties which are first associates of a 
particular variety in 7 become second associate in Г; and so the value of pl, in 7 
corresponds to pi, in Г. Similarly other parametric values involved in Г can ре 
determined by suitable shuffling as shown in (2.3) of the parametric values of 7. 
This proves the necessary condition. 


For sufficiency, let U bea block of an existing BIB design IV, and let there be 
п, blocks U, (t= 0,1, . ., n—1). Husain (1945) showed that u = 2(n—1) and 
и» = (n—1)(n—2)/2. and other 17,5 are zero. He listed certain general properties 
of the set of U, blocks which have not as yet been thoroughly tried to establish their 
resolvability into two unique sets of singly linked blocks. This however follows from 
the results obtained by Hall and Connor (1953) We get the arrangement of 
u, = 2(n—1), blocks into the unique sets, S, and Sa, each of 4 —1 blocks and having 
the properties that (i) a block of S, or S, has got one distinct (variety common with 
U; (ii) every Variety occurs just twice in S, or S,; (11) any two blocks of S, or S, have 
exactly one Variety in common: (iv) each block of S, has one variety common with 
a distinct block of S, and two varieties common with n—2 other blocks of 5» апа 
vice-versa. The properties (i), (ii) and (iii) establish the fact that the block U together 
with any one set, say Si, gives a design Г, and therefore the set of blocks U, together 
with the other set S, must constitute a design 7. 


Corollary 1: Two symmetrical PBIB designs m can be obtained from a known 
BIB design W. 


It is evident from the above results that the set S, together with the set 
of blocks U, and also the set S, together with the same set U, yield two л designs. 


Corollary 2: A necessary and sufficient condition DT the existence of a symme- 
trical BIB design with the parameters, т U and А = 


metrical PBIB design m. 


2 is that there exists a sym- 


As shown above, a BIB design W can be obtained from a known design 7 
by the juxtaposition of л and Г. This according to Hall and Connor (1953) can always 
be fringed to the above symmetrical BIB design. Conv ersely, let S be the set of 
blocks m. any partieular variety in an existing symmetrical BIB design 
with A = 2, and let 5 be the set of the remaining blocks. We select any block from 
S and omit all the varieties contained within it from the other blocks of S and Š. 
It is found that the residual configuration obtained from S and S are P and 7 
respectively. 


Theorem 2: A necessary condition for the existence of a summetri BIB 
jj a symmetrica 


n(n—3) 
2 


design. т. for n > 4. where is odd, is that т must be a perfect square. 


230 


ON CONFIGURATIONS AND NON-ISOMORPHISM OF I. B. DESIGNS 


Proof: Let the incidence matrix of the design z be V = (n5). where nz 1 
or 0 according as the i-th variety (i = 1, 2. ..., v) does or does not occur in the j-th 
block (j = 1, 2, . v). Then, the value of the determinant NN’ follows from the 


results due to Connor and Clatworthy (1954), 


[NN] = 030) (rz); ол Cd = v—1 ... (2.6) 


Where zi and z are distinct and 4, and a, are positive integers. These constants are 


given by, 
. = MOS—A)(7Y— УА) +0145), 
Za = MOS Ay A) 0a-33)]. 
у= [(e—1)(—y + VA+1I)—2m]/2 VA, 
oy = [(v— De VA+1)—2]/2V/A, n МӘЛ 
Where y = Pi- PR Ё = P2+Ph 
| апа A= ah 3H. 
à After simplification. we get ei = 0. 22 n—32; 
a, = n(n—3)/2; аз = lf 
80 that we have, 
VN. = ү\#?—зп+а)/°, 2.8) 


2 
Sin 7 Р : " s if 237 is odd, r must be a perfect 
eo | is an integral square, it follows, if 2 is y ap 


Square, 


The symmetrical PBIB design m corresponding to m = 6, 9, 


combinatorially which lead. eventually to the non-existence of 
onding symmetrical BIB designs : 


13 Corollary 2 2 
14, and 18 are impossible 


t Y x 
aj Ойон ng BIB designs as well as of their corresp 


@ $15 5. 21, r= 7, p Б) v anda 
(i) v= 36, b = 45, r= 10, й==* 3; А=? 
(ii) » = 78. 4 = 01, r= 14, Go 2. ae 
(iv) » — 91, b = 105, r= 15, k= 18, edis 
(у) v= 153, ф = 171, y = 19, k = 1 ке 


ated Ьу Nandi (1946) by a process of complete 
ved by Connor (1952) with the help 
ymmetrical BIB designs corres- 
'The above is an. alternative 


The i > 

in. "possibility of (i) was first demonstr 
| "Meration and the impossibility of (ii) was Pre 
и ^ structural matrix. The impossibility of the в 
mending to them was established by Shrikhande ( 1950). 
Sin 

Aple proof of these designs. 
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Theorem 3: The dual design (i.e. the design obtained by taking the blocks as 
arieties and the varieties as blocks) of a symmetrical PBIB design. т. is also a symmetri- 
Dv 76e. » С S 
cal P.BIB design satisfying the same set of parameters (2.5). 


Proof: Let D be any block of 7. Since any two blocks of л have one variety 
or two varieties in common, let there be d, blocks D, and d, blocks D, in л. 


Then dtd, = 0+1) 


4424, = (n—1)(n— 2). 
Hence d, = 2(n—2) and d, = (n—2)(n—3)/2. 


In the dual design, therefore, with respect to any given variety, the other 
varieties сап be divided into two groups of лу and Ny items, respectively, where 
n, = (n—2)n—3)/2 and n, = 2n—4, such that the varieties of the first group occur 
A,(- 2) times and those of the second group occur A,( = 1) times with the given 
variety. 


Let E be a member of D, and let there be e, blocks E, and e, blocks E, in 
set D,. Also let there be f, blocks E, and f, blocks E, in the set D,. Then it is found 
that the number of blocks having one variety common with D and simultaneously 
with E is n—2, i.e., e, = n—2. Again, the number of blocks having one variety 
common with D and simultaneously having two varieties common with E is n—3; 
Le, e = n—3. Also, f, = n—3 and f, = (n—3)(n— 4/2. 


In the dual design we shall have therefore. P$ = n—2; P = n—3 and 


Pû = (n—8)(n—4)/2. It can be verified that the other parameters also are satisfied 
by the dual design. 


3. TEST FOR ISOMORPHISM AND THE TOTALITY OF NON-ISOMORPHIC 


SOLUTIONS OF CERTAIN PARTIALLY BALANCED DESIGNS 


Two solutions satisfying the same set of parameters 
if one can be derived from the other by renaming the varieties ( 
or of the varieties in a block being immaterial) 


are called isomorphic 
the order of the blocks 
- To find suitable transposition OT 
permutation of varieties which can convert one solution into another is rather tedious 
and often difficult, in case the number of blocks or the varieties are large and so it is 
desirable to find some methods based on certain criteria which can facilitate isomor- 
phism of solutions. A method of “Chain” has been introduced to study the isomor- 
phism for the solutions of PBIB designs (2.5) and (4.1) and also for BIB design 
(2.4). This method can be profitably used in connection with a wider class of designs 
with necessary modifications. and modified rules for ‘Consistency’ of ‘Chains’. The 
actual meaning of "Chain" in a particular case will be obvious from the text. 
However. the underlying ideas are explained here in brief with reference to designs 
having two associate classes for A’s not exceeding 2, 
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We try to select a group of varieties having the property that t i 
blocks of a design may be ond uniquely by the ышк اه‎ pn is 
We may call such varieties the X-varieties and the remaining vari i 5 Le = i d 
85 : С X-ve a naining varieties the Y-varieties. 
The X-varieties may be elements of any one particular block; but in general they may 
So bp so. Once the blocks have been specified by the X-varieties, the location of a 
Y-variety may thereafter be described by naming the X-varieties descriptive of the 
blocks containing the particular Y-variety. у 


If a particular Y-variety, say To, occurs in m blocks, each containing one di- 


Su 
feront. N. ; m А X, 
erent ХУ} = 1, 2. , т). the location of Y, may be written shortly as To: 
И X, 
Xi 
an — " X. "Ts LE Р 
and the symbolic representation 2? may be called a "Link". Each element of a 


Xp. 


identifies one distinct block. 


“Link? 


X E- Yo ogous in q blocks each containing one different pair of X-varieties, say 
zs Y. " ps XX , for q = 4, the location of Y, in sugli blacks may be written shortly 
3 apt iP 1 Xx a) and A symbolic ag 1 X, ы) шау be called 
of a i iud : A Bing’ contains at least two elements: ке 1 mE 0 Gon elements 
at its] е identifies one distinct block. j A ring can begin from its first gemon: and end 
Man 1 element and it can be read either forward or backward. In ente it has more 

‘Aree elements, its first and its last elements may be identical but the intermediate 
nple, a ring of the type (XıXgX3X,) or (X,X4X,X,) 
X, or X,Xy; XXa; ХХ, and in the 
XX; and thus it represents in either 


elem 

ents Ё 
can | hts must be different. For exar 
ы De read ; TUM ee. ae 
Second read in the first case as XIX2; ХХ; Xs 
Second cag те . . 
case d case as Х,Х,; Х,Х,; Xa Xa or X. Ad: Хз; 
three blocks. A ring having two elements only may be called a ‘simple ring’. 

2 о 
sign with two associate classes for which A's 


т : 
Thus the location of Y, in a de Г 
“Chain” consisting of 


do 
ut ‚ may be described by a 


exceed the numerical value 2 
(i) one or more "Links"; or 
(ii) one or more "Rings"; ог 
(iii) both “Links” and “Rings”. 


L 


"у 


associates among the other Y-varieties, 


et y 
o have N, first associates and Na second | 
ters of a design under study. 


? value x F cmo 
alue of N | and У, are determined by the parame 


ay be called consistent, provided 


re be exactly A, ог № 
у Л blocks common with N, 


" 
Then a set of ‘chains’ m 
blocks common, 


(i) between any two chains the 


shall have exactl 


(ii) any particular ‘chain’ но! i 
N, remaining chains. 


chains and just A, blocks common with 
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Since the pattern of а ‘chain’ cannot be altered by any permutation of the X-varieties, 
two solutions in order to be isomorphie must necessarily have similar pattern of chains, 
each type occurring with the same frequency. When this necessary condition is satis- 
fied, we can try to identify one type of chain of a solution with the corresponding type 
of chain of the other by a suitable permutation. If this sueceeds and the same 
permutation works for all other types. then the Y-varieties corresponding to the 


identified chains can be identified. 


Our main object is to study whether the two solutions of 7, as discussed in 
earlier chapter obtained from the same existing BIB design W are isomorphic. 
Firstly, the uniqueness of a P design will be proved. If so. all possible non-isomorphie 
solutions of a single BIB design W can be detected by writing out these designs in 
a standard form such that each contains an identical Г design; and then testing for 
isomorphism the z designs left out. It will be shown that a known design W yields 
two non-isomporhic z designs. 


л ое Pi Дә. 10 a 2 1018 
Uniqueness of a V design 1. It is already known that a P design always exists. 


For, it can be written down by taking an n Xn square and filling the nin > D positions 
above the leading diagonal by the different varieties in such a way that the positions in 
the leading diagonal are left blank, while the positions below this are filled so that 
the scheme is symmetrical with respect to the diagonal. This design can be also 
constructed by following the principle of ‘chains’. This method facilitates, to & 


great extent, in establishing the uniqueness of Г. 


Let any block of Г be represented by U and the set of other remaining blocks 

Uv ye. ә CX Tre TE UR T 2 k 

by Г. Since a variety occurs just twice in the n blocks and a pair occurs at most 
in one block, every block of Г can be identified by one distinct (-variety of U and а 

p A C t t % é á is n 
variety can be identified by the two 0-varieties occurring in the two blocks contain- 
ing it. Clearly, the group of 0-varieties satisfy the property of X-varieties, and 80 
the two Ü-varieties, say 0, and 0, defining a particular yy-variety say л. may be written 
0 : sis ` 
as Vo: | 7 and, according to our definition, A may be called a “Link”. Again 
2 2 
let the yọ have N, first associates and №, second associates among the other 
е 
ir- varieties. As each variety occurs twice in Г we have by the parametric 


relations (2.1), 


NHERN, = n(n—3)/2, 
N, AF, = 3-9), 


whence, N, = 2(n—3) and N, = (n—3)(n—4)/2. 
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Now. a set of links may be called consistent if any link has got exactly one 0-element 
common with 2(7—3) links and no element common with the remaining (2 —3)(n— 4)/2 
links, There are as many different links as there are varieties; once all the links 
are written down, it is found that the rule of consistency is automatically satisfied; 
and thus, when all the -varieties are assigned to the links a solution is reached; 
and conversely if a Г design be given then with each of the yr-varieties is associated one 
distinct link. 

Because of one to one correspondence between the links and the yr-varieties 
the total number of the T designs that can be written out from a given initial block 
: n—1)(n—2 ч 8 E j NE. 4 A 
18 ( X» ) the number of ways in which the qr -varieties can be assigned 
(n—1)n—2)| | 

2 


to the links or the links to the varieties. Evidently all these ( 


Solutions are isomorphic. г 
As proved in Theorem 1, а design W for n > 4, if it exists, is 


7 "chains" 2. 
with reference to a block 


resolvable uniquely into two configurations, T and л where л, 
U of T, is constituted bv the set of blocks § and Us, and the properties of S, are 
essentially those of P blocks, it follows that with each of the varieties of S, can be 
Associated one distinct link. Since every block of the set U, contains one different 
pair of (-varieties, the location of a y-variety in this set can be expressed by naming 
the corresponding 0-pairs. We can designate such pairs concisely by ea of tns 
Or more "rings". In short, the location of a / in л can be described by a "chain 
Consisting of one ‘link’ and one or more "Rings". Such a chain may be called a 
7-chain, 

of 7 have N, first associates and N, second asso- 


Let any particular yy-variety à : 2 
Remembering that a y occurs twice in S, and 


among the other j/-varieties. 
73 times in U,, we have by the parametric relation (2.1), 


Ciates 


N, +N: = n(n—3)/2 
®,А,-+®»дә = aN —3)2-(n—3)(1—4) 


Whence ; (0—3)00—4) and N. = 2n—6. 
N12 —9 = 


A, = 2 and A, = 1, a set of z-chains may be called consistent, if any chain 
1 = 2 and A = 4, 


: Е n—3)(n— 4) D just z а 
às got exaetly two blocks common vith 2 chains and just one block com 
The number of blocks common between the 


chains are counted by noting down the common elements between the links and the 

“Onsecutive pair of clementi common between the rings of the = chains. It is thus 

clear chat if we can find a set of consistent chains we can get a design 7 and conversely, 

if there be given м dsdm л there will correspond to each variety one distinct chain 
p ا‎ 


consistent set. 


mor S ы S ess 
with the remaining 2n—6 chains. 
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f-chains З. Given a design Г, a design W can be constructed from it if the 
blocks of the set S, and U, can be determined. It follows from the above arguments 
that the location of a variety in a BIB design W can be described by a "chain 
consisting of two links (one each for Г and Sa) and one or more rings (for U,). We 
may call such chains the "-chains". The fact that every ¥ occurs twice with the 
Hes for А == 2, ensures that each of the 0's must occur twice in a f-chain, remember- 
ing that the intermediate elements of a ring are counted twice. Two /-chains would 
be consistent if there are exactly two blocks common between them. The number 
of blocks common between two /-chains are counted by noting down the common 
elements between the links corresponding to Î", the common elements between the 
links corresponding to S, and the consecutive pair of elements common between the 
rings. Thus a BIB design W can be constructed, if it is possible to find a set of 
f-chains such that every pair of them is consistent, and conversely if a solution be 


given, then, with each of the y-varieties is associated one distinct chain of a set, every 
pair of which is consistent. 


For a given Г, we determine by trial a set of n—1 blocks Sa such that the blocks 
of S, апа Г satisfy the four properties, as listed in Theorem 1. Once the set S, is 
found, the construction of consistent f/-chains becomes easy. As an illustration. 
consider a design P for n = 4. Let the different Ü-varieties be represented by the 


integers 1, 2, 3, and the varieties by the numbers 4, 5, 6. The links correspond- 


2 mn > 4 1 2 i 
ing to the y-varieties, 4, 5, 6 of T are given by : 2 z 21: Б? We get by trial 
а set of blocks S, whose varieties, 4,5, and 6, have got the links, Н? ls]. 3 
respectively. The location of the / in P and Sa taken together, is conveniently 
represented as : 


To get /-chains the varieties 4, 5, 6 must occur in the bl 


ocks (13), (23), and (12) 
respectively. Thus a set of consistent /-chains 


are given by: 
eT o»: s (2 E] em: 6: (21 аз 


Any existing 7 design can be expressed in terms of its 7-chains and to construct 
from it a design WW, it is only necessary to determine one other set of links which com- 
pletes the f-chains. This is accomplished, keeping in view that each element in the 
f-chain must occur just twice. It is to be noted that the whole get of #-chains thus 
obtained from a set of consistent z-chains forms a consistent set, 
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The design m for n = 4 has a unique solution. It is well-known that the design 
W for » — 4 admits of one independent solution. Consequently, two 7-designs 
obtained from the above solution of (3) are given as follows : 


B: [2] з; 6: [5] (12) 


3 
— 
m 


(b) 4: аз); 5 [5] (250, els] (12). 


We omit the second set of links from the f-chains of the solution in (3) and get the 
above design (а). Similarly, by omitting the first set of links the design (b) is obtained. 
It is obvious that the two designs, (a) and (b), are isomorphic. For, an interchange of 
the O-varieties, 2 and 3, brings the two sets of chains to identify themselves, and as 
à result varieties, 4 and 6, get interchanged. This establishes the uniqueness 
of z for n= 4, - - - З 

The design т for n = 5 have five independent solutions. Consider a design 
in wliich an initial block contains the 0-varieties (1, 2, 3, 4) and in the 


к 


T for n 5, 
Standard setting let the links for the y-varieties, 5, 6, 7, 8, 9, and 10 be respectively 


given by: (3): [015 (95 0815 D]: (8: 


L2 


It has been found that the totality of the designs W for n = 5 obtained with the help 


of f-chains fall, broadly speaking, in three types of classes, CI, C, and C, as shown 
elow; z 


TABLE 1. NON-ISOMORPHIC SET OF ß-CHAINS 


non-initial Р B-chains 


varieties 0 
о, Cs 3 
ә 
5 11[3 112 aso | z HI (134) 
5 ] (12)84 IP 2014 
214 
11 2 
37 142 
6: 4 on Р [s] (142) 


[11[?] ases» 
] ase» E 2] 4 
; (14)(23) 
(23)(14 


| | 
[2] a» — |; ] 
| | 
[ 


20004 


| 

is] 

БН e» 
em (s 

H 

s] 


| | 
)13)(24( ] ا )24)(13( 3 
| | 


| 
| | (12)(34) 
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A design of C,-type has got all of its six chains associated with double simple rings. 
A design of C,-type possesses four chains with double simple ring and of C-type 
has three chains with double simple rings. Nandi (1945) showed that the BIB 
design W for n = 5 admits of three independent solutions classified by him as [o]. 
[ag] and [fy]. These can be identified with our Ca, C, and Ci respectively. А special 
feature of a C,-type design is that it provides a unique z design. But a C-type 
and C,-type each provides separately for two indepedent 7 designs. 


Hence we get in all five independent solutions as listed below: 


TABLE 2. NON-ISOMORPHIC SET OF 7-CHAINS 
ТТЕ... 


pee 
шс ө та Ti 772 Ta Ta 
б: las — lag 2 1 2 
б: 2 a2) 2 (134) 3 (134) 2 (134) 4 (134) 
6 — $0309 1 42 2 (149) Y 3 
3 3 3 2 3 024) 4 024) 
7. QNT 1 3 а 
404903) 4 (128) 4 (129) 10905 2 (4)29) 
3 2 2 1 
d 30009 $0903 4 (14023) 243) І (14)(23) 
P 2 2 р 
* — 4.0900 $0309 3 032% e 1 00 
10: 8 


Р 3 
4 0294) 4 (12)(34) 1 02094) — (12)(84) 1 (12)(34) 


—ę— — 
— ä— 
= 


The design 7, or л; is obtained by omitting the first or the second set of links from 


the, ponang of C. Similarly 7, or 7, is obtained from Ca. Tt is found that no substi- 
tution brings 7, to 7, or 1 to 7,. Moreover, the design 7, is self-dual and so is 7s 


The others are isomorphic with their respective duals. Hence we have in all five 
non-isomorphic solutions. 


: mar. dot. | | 

s dm m 5 = 8, Consider a design Г, with its initial block containing 
the 0-varieties, 1, 2, 3, 4, 5, 6, 7. Let the varieties associate with their links be 
given as follows: 


5 6l’ 
a а 0 [ns jns ы. ff 


N CONFETTURA CG AN 
ON CONFIGURATIONS AND NON-ISOMORPHISM OF I. B. DESIGNS 


À set S А 
set of blocks S, obtained by trial is given below: 


22 40 23 HE 24: [|]: 25: [1]; 26 : (4; 27: [d 98: [| 


The follow; 

— ing ib of fl-chains yield a solution which is found to be different from the 
Boss 1 by the “Process of block section” of the classical solution given by 
(1945) 939), Fisher and Yates (1938, 1942) and of the solutions given by Husain 


(В), 
8: 11037 7197797 

Lo È (12)(37)(4564) 9: 311 (13452672) 10: 12118! (14)(26)(3573) 
11; |1][3] i [11/2] 

L5 [| (15)(36)(2742) 12: [1715] (10472352) 13 : Bie (17)(25)(3463) 
14. |2][51 21[5 27 

L3 is (23)(56)(1471) 15: [2115] esenasen 16 : Ih (25)(14)(3673) 
17. | 27/37 27 1 

5 [2] egggasm 1s : [2] [5] 270608959) 19 : [2115] (34671251) 
20. Н 11 311 13127 

57 (35) 07% 2462) 21: [3]]5] (38124574) 22: (|4; COCHIN 
23. |4][23 à [1] 

S (23)45)1071) 24 : [4][5] 25060872) 25 г: 12115] (1342502) 


[2][4] өнө) эв: [205] Enesa 


7 HIE (56)(27)(1341) 27 : 


set of links from each of the 
d by deleting the first set of 
ained are isomorphic, for the 


ng the second 


Let 

B 

(Bı) be the design obtained by deleti 
design obtaine 


above 
Ё-сһаїпѕ and similarly (Вз) be the 


link 
S fr 
from each of the f-chains. The two designs so obt 
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transposition of initial varieties. (1.2). (4.5). and (6,7) converts the whole set of 
бін of (Ba) into those of (Bi) and when the j-varieties corresponding to the 

е à E Ы B » 

identified chains are identified, the design (B) becomes identical with (B,). 


Tt is interesting to note that the dual of а symmetrical PBIB design, gives 
not necessarily the same solution of the design, though the dual of a dual is the ori- 
ginal design. This is brought out by the example of the dual of (B,) as recorded below: 


(Bi). 8: (e (67)(13452) ; 9: el (57)(14263) 
10: [s] (56)(12374) ; 11: [| (34)(17265) 
12: 12] (2415376) ; 13: 2 (23)(16457) 
14: [6] (40 1758); 15: [2] (85)(27614) 
16: F] (47)(23615) ; 17: 15 (13)(24756) 
18: [5] (15)(26437) ; 19: 7 27) (31564) 
20: [ 4072460; 21: [50 (2047100 
22 n (14)(32567) ; 23: Bi (12)(43675) 
24 : Ii (17)(45326) ; 25: H (36)(42517) ` 
a6: [2] (37052146); . 91: [2] (2652147) 
28: [5] (45)(63127). 


Tt appears that all the rings in the z-chains of (Bi) are formed of one simple ring and 
another ring of five elements. Therefore (Bi) is non-isomorphie with (Bj) 
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The classical solution of the symmetrical BIB design for n = 8 and A = 2 
is obtained. as is well-known, by starting with the initial block (1, 16, 34, 26, 9, 33, 
10, 12, 7), and by forming from it the 36 blocks derivable by the addition of the numbers 
1, 2,...., 36, taking residues (mod 37). By omitting the initial block and its varieties 
from the other blocks and then substituting the variety (17, 1) and thereafter inter- 
changing the pairs of varieties, (35. 3); (27. 4); (11. 5); (13, 6); (8, 7); as well as re- 
naming the varieties, (11, 28, 23. 18, 27, 29, 30, 32, 36, 37, 13, 14, 15, 19, 20, 21, 
‚ 29, 24, 25, 31, 35) by the respective varieties 8, 9, 10, 11, 12, 13, 14, 15, 16, 


17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, we get the following BIB design. 
(C). 
[1 3 5949) + . [3] "i 7352 
8: H [5] (165243) ; 9: bil (167352) 
In geen : Ц esr 
10 : RIA (163471) ; u: [1115] %%%) 


, lle oomen: e Rl] eno 
] (197860: 1%: [3] (9 (8564217) 
a. (UE enses ns D emen 


9T Fl" ruse 
эй: fal ?| 5059; з: K] [5] 62e 


21: [H axe 29: [2] É] 646002» 
96: HA (2754)(316); 27 HR (1245)(637) 
28 : HIH (5317)(426). я 


n the solutions given by Husain (1945) 


Similar] 1 ions 4ved frou 
y, the two BIB designs deriv to be different from those (B) and (O). 


an е "B. B 
d when expressed in our chains, are Been 
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Let (Oi) be the z-design obtained by deleting the second set of links from the 
chains of the above design (C). and (Ce) be the design obtained by deleting the first 
set of links. Clearly, (Ci) and (Ca) are non-isomorphic for the z-chain corresponding 
to the variety 10 in (Ci) cannot be identified with any other chain than that of variety 
10 in (C) which is the only chain of a similar type. Any interchange of the elements 
of the other similar type of chains in either of the designs will disturb the already 
identified chain for the variety 10. ‘Thus we get two independent solutions of the 
7-design from the classical design. Тһе totality of independent solutions for 7 with 
n = 8 awaits study. 


4. EQUIVALENCE TEST OF TWO METHODS FOR DERIVING CERTAIN DESIGN 
FROM A KNOWN SYMMETRICAL BIB DESIGN WITH À = 2 


Shrikhande (1952) showed that by omitting all the blocks containing a parti- 
cular variety from a known symmetrical BIB design with r = A and A = 2, 
а PBIB design with the following parameters is obtained : 


=”) „ n(n—1) 
pcs — 2 


E. k=n+1, r=n—1, A1 = 2, A2 = 1, 


EA —2 
m= , ng = 2n—2, 
fex 2n—6 
Ph = 2 > 
2n—6 4 
—9)(»— 
(n—2)(n—3) n—2 
Рў, = 2 
(4.1) 
n—2 n—1 


It is also well-known that by first omitting any block and its varieties from the other 
blocks of the same symmetrical BIB design with A = 9 and a s api F lising the 
residual configuration, a PBIB design satisfying the above Eu t eem n 
The two ways of deriving such PBIB designs from the б» uos » netrical 
BIB design may be called shortly M, and M, and the б. 1 s 1 Р, 
and P, respectively. Our main object it to study if the t ў ions so obta mae 
lead to isomorphic solutions. ` wo methods would alwa 


We can select groups of » varieties, X, (j = 1 


) ... n) which are mutually second 
associates in the PBIB design (4.1). a muia 


Shouse: oe any one of these groups having the property 
that every pair of its varieties is represented uniquely in the different blocks of the 
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design, so that the bloeks may be specified uniquely by the different pairs of the 
X-varieties. The location of a Y-variety in the r = (n—1) blocks can therefore be 
expressed by naming the X-variety pairs occurring in the blocks containing the parti- 
cular Y-variety. We can define the (2—1) blocks containing a particular Y-variety 
by means of a ‘chain’, taken to be a P-chain, which may contain one or more rings. 


6 2)(n—3) 


Since a Y-variety has N, = B first associates and N, = 2n—4, second asso- 


Clates among the remaining Y-varieties, it implies that any partieular chain should 


—2)(n—$ ; 
have exaetly 2 blocks common with — X» 0 chains and 1 block common with 


2n—4 remaining chains, thus accounting for all the Y-varieties. 


A set of P-chains may be called ‘consistent’, if any particular chain shall 

а 43, (0—2) (0—3) sm 

have exaetly two pairs of consecutive numbers common with ins з — other chains; 

and exactly one pair of consecutive numbers common with the remaining 2n—4 

Chains, It is thus clear that if there be given a PBIB design (4.1) there will 
correspond to each Y-variety one distinct chain of a consistent set. 


Consider the symmetrical BIB design with 7 = 5 and A = 2. The design is 


obtained, as is well-known, by adding to the elements of an initial block (1, 4, 5, 9, 3) 
the numbers 1,2, ..., 10 and taking residues (mod 11). Let U : (9, 1, 2, 6, 11) be 
a block of this design. Then we get by the method M, (i.e. by ignoring the blocks 


Containing the variety 11) the following solution which is expressed conveniently in 


terms of the P-chains of its Y-varieties with reference to the X-elements 1, 2, 6 and 
9. x 


3:(2 19 6) 4:(2 6 1 9) 
P, 8:(1 9 2 6) 7:(9 2 1 6) 


8: )1 6 9 2) 10: (1 2 § 9) 


the block U and its varieties, viz., 


Again b ho 
А : st by omitting i 
mn M E dualising the residual configuration) 


9, 
“Ж 2, 6, 11 from the other blocks, and then 
Set the following design : 


5: (24 1 3) 6: (1 3 2 4) 
B, 7:(1 243) 8: (2139 
9: (1 4 3 2) 10:(3 2 1 4) 
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It is easy to see that the transposition of the varieties (2,9) and (4,6) charges thie chains 
of P, into those of P, and the Y-varieties corresponding to the identified chains one 
being identified make the two solutions identical. The other solutions obtained either 
by trial or by the methods M, and M, with respect to different varieties have Teen 
found to be associated with similar type of chains, each formed of a single ring of four 
elements, and all of them, on interchanges of suitable varieties, become identical, 
thereby showing that in this case the two methods lead to the identical solution. 


Husain (1945) demonstrated that the symmetrical BIB design with r — 6 
and A = 2 admits of three independent solutions including the classical solution 
given by Bose (1939), and Fisher and Yates (1938) which are isomorphic. The apera- 
tions M, and M, when applied to any one of the three independent solutions give 
isomorphic solutions for the PBIB design (4.1). For example, if we name the 
sixteen alphabets in Fisher's design (1938) from 1 to 16 and if we omit all the blocks 
containing the variety 6 of the block U : (1, 2, 3, 4, 5, 6), then the chains of the 
Y-varieties for the solutions P, and P, derived by the methods M, and M, are respec- 
tively given by: 


7: (1231)(45) 8: (1241)(35) 

Py 9: (1251)(34) 10: (3453)(12) 
11: (1341)(25) 12: (1351)(24) 

13: (2452)(13) 14: (1451)(23) 

15: (2352)(14) 16: (2342)(15) 

6: (3453)(12) 7: (2452)(13) 

Р, 8: (2352)(14) 9: (2342)(15) 
10: (1451)(23) 11: (1351)(24) 

12: (1341)(25) 13: (1251)(34) 
14: (1241)(35) 15: (1231)(45). 


Clearly, the set of chains in P, and Р» are equivalent and therefore the two solutions 
on proper identification of their Y-varieties become isomorphic. Similarly, a solution 
derived by M, or by M, from either of the other two independent solutions of the 
above symmetrical BIB design are found to be associated with six chains of the tyP® 
(12345) and four chains of the type (12)(3453) in one case, and six chains of the type 
(12)(3453) and four chains of the type (12345) in the other. 
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EIB А мн, pens seven independent solutions known for the symmetrical 

— ве] м h = 9 апа A = 2, one is pie classical solution given by Bose (1939), 

E а 2 арен. two ad due to Husain (1945), and four are due to the author 

cin мно за = (1956). 1 * methods M, and M, when applied to these indepen- 

бе е * i yess necessarily lead to tie isomorphic solutions. For example, 

ee mas oming symmetrical BIB design which is obtained by the author 
956) and is presented in terms of Husain’s (1945) A-chains.! 


Qn). 

1:(123)478)569) 2: (128397654) 
3: (126849735) 1: (129475836) 
5: (124358967) 6: (127364598) 
7: (125786439) 8: (137568924) 
5: (139276485) 10: (135289746) 
TI: (138694527) T2: (134957628) 
T5: (136245879) T4: (149876325) 
15: (143279586) 16: (146295387) 
T7: (147396258) TS: (148275369) 
19: (154378296) 20: (159368247) 
21: (157964238) 22: (156274389) 
23: (162398457) 34: (165394278) 
36: (179256348) 

37: (173285649) 28:(186745329) 


A cycle must contain 3 or more elements of a 
etrical BIB design with А = 2. It ean begin 
ent at the beginning and at the end 


1 А * 
A-chain consists of one or more cycles. 


| 55: (167384259) 
J 
Í 

k of a symm 


Standa 
Ti 
d block, usually called an initial bloc! 


апу е] 
Sing y ement and can be read eithor forward or backward, the element 
Numb garded as consecutive. Three consecutive numbers of one chain must not coincide with three 
I Exactly two pairs of consecutive numbers 


тв 
iae the other chain (read forward and backward). 
common between any two chains. 
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The above symmetrical design when subjected to the operations M, and JM, 


with reference to the block U: (1, 2, 3, .... 9) and the other blocks containing the variety 
1 gives the following designs P, and P, respectively. 


P, 


1: (23)(4784)(5695) 


3: (26849735) 
5: (24358967) 
7: (25786439) 
9: (39276485) 
11: (38694527) 
13: (36245879) 
15: (43279586) 
17: (47396258) 
19: (54378296) 
21: (57964238) 


23: (62398457) 


25: (67384259) 


27: (73285649) 


rl 


: (45679382) 


4: (29475836) 


ey 


: (27364598) 


ool 


: (37568924) 


= 
© 


10: (35289746) 


— 
bw 


12: (34957628) 
14: (49876325) 
16: (46295387) 
18: (48275369) 
20: (59368247) 
22: (56274389) 
24: (65394278) 
26: (79256348) 


— i 
28: (86745329) 


Р, 


1: (2342)(59786) 


1 


: (2362)(48957) 


сл! 


: (2382)(57469) 


E 


: (23)(4589764) 


col 


: (82763459) 


= 
— 


11: (76294385) 
13: (34825697) 
15: (28649537) 
17: (53972648) 
19: (29637845) 
21: (78524639) 
23: (45268379) 
25: (37426958) 


27: (38729564) 


2: (2352)(49678) 
4: (2372)(65849) 
`6: (2392)(74568) 


8: (26534789) 


10: (64375298) 


m 
© 


T2: (27586934) 


16: (69835427) 
18: (35768429) 
20: (24975638) 
22: (36894725) 
24: (42893765) 
26: (25938476) 


28: (39457826) 


Tt appears that in P, there are twentyseven P-chains of the type (23456789) and 

just one chain of the type (23)(4564)(7897) while in P, there are twentyone chains of 
the type (23456789); six chains of the type (2342) (56789) and just one chain of 
the type (23)(456789). Hence the two solutions are not isomorphic. But the classical 
solution with the initial block U: (1, 7, 9, 10, 12, 16, 26, 33, 34) of residues (mod 37), 
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when subjected to the operations M, and I, with reference to the set of blocks contain- 


lds two solutions, each having its Y-varieties associated with 
nineteen chains of the type (23456789): five chains of the type (23452)(6789) and four 
chains of the type (234562) (789), and both the solutions come out to be isomorphic 
Thus it follows that the operations M, and M do not 
ently non-isomorphie solutions for the . 
d from the same solution of 


ing the variety 34, yie 


by suitable substitutions. 
give in general identieal solutions and consequ! 
BIB design W or for the PBIB design (4.1) may be obtaine 
a known symmetrical BIB design with r = n+1 and A = 2. 


ofessor Q. M. Husain for his encouragement 
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TABLES OF RANDOM NORMAL DEVIATES 


By J. M. SENGUPTA 
and А 
NIKHILESH BHATTACHARYA 


Indian Statistical Institute, Calcutta 


FOREWORD 


| The present series was published in 1934 in Sankhya, Vol. 1, pp. 289-328, 
With an introduction explaining its uses and especially describing the results of elabo- 
Tate statistical tests carried out on the series. These tests showed that the series 
Was of Satisfactory quality, which was, of course, somewhat equivalent to confirming 
the quality of Tippett's random numbers. Since then a number of persons, includ- 
Ing some workers of the Indian Statistical Institute, have detected errors in the 
Conversion work. t 


When we first became aware of the discrepancies we found that certain 
Portions of the table had been changed in quite an arbitrary manner. In the early 
days of Sankhyà, we did not have a printing press of our own. We had purchased 
Some mathematical and other types and we arranged for the matter to be composed 
m my own residence. The composed pages were then placed in flat boxes with 
Closed covers and were carried to the Art Press where the printing was done. It is 
Possible that some of the composed matter, but not all, had been accidentally disturbed 
ай the last Stage and the men on the spot had re-arranged the matter before printing 
it. We believe this is a plausible explanation. 

y Revised tables were accordingly prepared in the Institute in 1952. In 1954, 
it was learnt that Miss Lorrain Schwartz had independently prepared a set of the 


tables in the Statistical Laboratory at Berkeley, California. A copy of the revised 
able wag then sent to Berkeley, and Professor Henry Scheffé in his letter of 4 June 
1955 informed us that the two tables checked perfectly. 


The revised table is now being published along with a fresh introduction. 
It has been considered advisable to re-examine the series. The tests applied are 
broadly similar to крз applied оп the other series of the same type, but naturally 


they Pan 
ere are some differences in respect of details. 


5 April, 1058 P. C. ManaraxoBis 


Caroli; М 52 pointed out some 
‘th Carolina dated 19 May 1952 poin 
i Mr. Dan Toichro in a lottor from Nort 0н eel 
siScropancjos between. э pw series and a short tablo by E. L. Dodd (based on Tippott’s Tract) 
bubl; ‹ | 

‘shed in Boletin Matematico, Vol. 15, 1942. 
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TABLES OF RANDOM NORMAL DEVIATES 
By J. M. SENGUPTA 


and 
NIKHILESH BHATTACHARYA 
Indian Statistical Institute, Calcutta 


1. GENERAL INTRODUCTION 


1.1. 'The advantages of having tables of random sampling numbers were 
first realised by Professor Karl Pearson, at whose instance L. Н. C. Tippett compiled 
a set of 41,600 random digits about 1925 and published them as Tracts for 
Computers, no. XV, in 1927. Since then different series of such numbers have appea- 
red, culminating in the publication by the RAND Corporation in 1955 of a series 
of ‘a million random digits.’ 

1.2. Besides making possible for the first time the rapid and rigorous 
selection of (even large) samples from diverse kinds of existent populations, these 
numbers lent themselves to a variety of uses covered by the now familiar term 
“model sampling”. Briefly, model sampling provides an experimental method for 
investigating sampling distributions of various statistics, and can therefore be used 
for demonstrating known results of sampling theory. 


1.3. As much of statistical theory centres round the normal distribution: 
model sampling was soon found to involve, very frequently, the conversion of random 
numbers into random normal deviates, a process tedious for any large-scale work. 
This naturally suggested the systematic conversion of tables for random sampling 
numbers to derive corresponding tables for random normal deviates, The work 
was actually carried out with Tippett’s series by P. C. Mahalanobis and others of 
the Indian Statistical Institute, and the resulting table of 10,400 deviates appeared 
in 1934, in Sankhya, Vol. 1, pp. 289-328. The need for more extensive tables was 
felt by Wold in connection with studies in time series analysis. Wold (1948) conver- 
ted Kendall and Babington Smith’s (1939) table of 100,000 random digits into a table 
of 25,000 random normal deviates issued as Tracts for Computers, no. XXV. Still 
more extensive tables were required in connection with problems solved by what, 
have come to be known as Monte Carlo methods, and recently the RAND Corporation 
has published a series of 100,000 such deviates derived from half of their ‘a million 
random digits’. 

1.4, Artificial random samples from a normal population are frequently used 
for the experimental confirmation and/or illustration of known normal theory results. 
They are also of use in obtaining information on theoretically or nüserically intract- 
able sampling distributions of statistics. As an important sub-class of this latter 
type of situations we have the case where ‘only the limiting distribution (as ‘sample 
size’ n tends to infinity) is known, but one wants to know how far, and for what 
value of n onwards, this limiting distribution can be trusted, As emphasised by 
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Wold. such experimental work on sampling distributions generally requires longer 
and more carefully constructed series of random normal deviates. 

1.5. Classic examples of the use of model sampling experiments are provided 
by "Student's" pioneer work (Pearson and Wishart, 1942). (In the absence of 
Fandom sampling numbers, Student used card sampling, cards corresponding to 
individuals of the existent population.) His paper on” "The probable error of a 
ави contained experimental confirmation of the theoretical results derived, the 
artificial samples being taken from an actual (bivariate) population very nearly 
Normal. The same method was adopted in his paper entitled “Probable error of 
ü Correlation coefficient to obtain preliminary insight into the exact distribution 
Of sample correlation coefficient r in small samples for the case where the population 
eeu coefficient р = 0; and again. in a similar manner, for studying the 
Frobable error of Dr. Spearman’s correlation coefficient.” 


" 1.6. References (Hojo. 1931; Pepper, 1932; Pearson, 1932; Rider, 1932) cited 
a T Fs Е s : А 
the end of this introduction contain further examples of model sampling experi- 
ments 58 А : oati 

tnts, [n the absence of tables of random normal deviates, these investigations 
Wwe 


re ee 3 
e done on the basis of Tippett's numbers. 
1.7. Tables of random normal deviates are frequently used for constructing 
no time series for model sampling experiments. As examples one may cite 
hi " is . s EA " , =, Ч series 
^ experimental studies on the applicability of large sample tests to time series of 
tort length, and on the estimation of parameters in a recursive system (Matthai 


а A. = 
nd Kanan, 1951; Rao and Som, 1951; Das, 1951). 


2. CONSTRUCTION AND USES 
2.1. The present tables have been constructed by the method indicated in 


(llustvation L, p. iv of) K. Pearson's foreword to Tippett’s tables. Refinements of the 


type described in the introduction to Wold’s series have not been adopted. However, 


this е; ЖЕ 
5 Omission does not seem to have affected the quality 
88 shown by the esults of tests of significance reported below, based on 


of the series appreciably, 


distr; satisfactory 1 
tributions of "ange for sample sizes н = 10, 11. 12, and 15. 

1 ИЖ "¢ four. 

2.2. The tables were constructed by punched card methods. Tippett's four- 


‘ligited random numbers were punched into one set of cards, and the corresponding 
Normal deviates were read off from The Kelley Statistical Tables (1948) transferred 


0 ar i 
other set of punched cards. 


2 ; Е is andom sample from a normal 
2.3. Any entry in the present table is а rar p 


Populati i try, then m+ox (c > 0) 
ation havi Я л: nit s.d. If æ be the entry, the 1 

| gives . having zero mean and unit $ ‘on having mean m and sd o 
| a random sample from a normal population К 


Section were as follows : 
ble (already punched in 


when they (random num 
The normal deviates eorresponding to random 


while those corresponding to random numbers 


cards) and collating the four- 
bers) are 5,000 or above, but 


! Instructions to Machine Tabulation 
| digit. a This may bo dono by using Kolloy's Та 
apa; , andom numbers against Kolley's p-values, 
1—p)-values when they aro less than 5,000. 
elow. E equal to or exceeding 5,000 will be positive, 
9:000 will be negative.” 
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24. In order to form samples ofany given size one may take the required 
number of entries vertically, horizontally or in any other way. Strictly, however, one 
should read the table vertically, exhausting one column after another, (this being the 
manner of using the table in carrying out the statistical tests,) although it is very 
unlikely that reading in other directions would lead to biased samples. In any "ins 
it is aot advisable to multiply the sample size by reading off the tables in various 
directions, for this might give rise to unwanted correlations. For large-scale work 
requiring larger number of deviates, one should use the other two tables. 


2.5. The common procedure of ‘opening at a page haphazardly ete.’ may be 
refined as follows. First, select one plate number i at random from among plate 
numbers 1 to 26, then a column number j from among numbers 1 to 8, and lastly, one 
row number k from among 1 to 50. Then start at the k-th deviate from top along 


the j-th column of the i-th plate, and read vertically, exhausting one column before 
going to the top of the next. 


2.6. The usual procedure of rounding can be followed when normal deviates 
with fewer places of decimals are wanted. As regards figures ending with a 5 (OF 
50), one might raise or keep unchanged the last figure to be retained according as 
the next deviate has the sign ‘+° or ‘—’. 


А " A om 
2.1. A table of random normal deviates can be used for sampling fror 


g * г Я 2 А А B "es 
theoretical distributions related to the normal distribution, which between themselve 

а . H H . H EH 4 
cover a wide area of the Pearsonian family of curves. This indirect method may 
suffice for most investigations in non-normal theory. 


А + s. e 
2.8. Another use of random normal deviates has been described in th 
introduction to Wold's table. Suppose one requires to draw a random sample from 


а four-variate normal population, with means 2.5, 17.2, 24.0 and 140.0 respectively: 
and a dispersion matrix 


32.95 1.43 1.78 3.97 
"T 7.43 10.24 1.17 2.43 
1.78 LIT 3.06 1.78 
3.97 2.43 1.78 12.25 
'l'he first step is to find a triangular matrix of the form 
Pu — — == 
P= Pa Poz = = 
P31 P32 P33 — 
Pa Paz Pag Paa 


such that PP’ = A, where P' is the transpose of P. 
5.740209 — 
1.294378 2.926531 
0.310093 0.262639 
0.691612 0.524441 


к 4 ws + 
The solutions come out as follo 


1.701436 
0.839175 3.285182 


eae 
— тр рам == = — poca Т. 
1 Throughout tho table, ' and ‘—’ signs of deviates have been indicated py codes q and 
rospoctively. (Vide footnotes on any plate.) 
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One has then to read four values of random normal deviates denoted by say, 21. Ta, 
$4 and ay. Suppose vı = 1.194. x, = 1.406, 4 = 0.868, and v, = 0.076. If 
now one calculates 


711 Uy 42.5 = — 4.354, 


| 


= Da 11- Doo $5—11.2 — — 22.860, 
Уз = Dy ıt Patat Pss 1324.0 = 24.737. 
Ya = ра iA Tat Das Vst P44 * 4140.0 = 138.916, 


then (у. Yo: Yg, Y4) is a random sample from the multi-normal population specified 
above, 

2.9. As mentioned in Karl Pearson's foreword to Tippett’s Tracts, and later, 
more explicitly, in the introduction to Kendall and Babington Smith's Tracts, all 
the small sub-samples of random digits or random normal deviates in such tables 
ате not expected to pass any or all statistical test or tests. Rather if the construc- 
tion of the tables has been alright, a proportion of sub-samples (indicated by the 
level of significance) should fail to satisfy the test. These patches are not suitable 
for use by themselves but should in all fairness be ineluded when large number of 
deviates are being utilised. 

à 2.10. Sub-samples failing to satisfy the different tests of (local) quality at 
the 1% level of significance are listed below. Notes are also being given on the body 
of the tables at appropriate places. 


1. Plate nos, 7 ( whole ) and 8 ( cols. 1 to 4 ) : failed in tests based on range with sample size 
? —6 (see below in 


2. Plate no. 17 (Whole): —do— with »=2. 


3. THE NORMALITY OF THE SAMPLE 
: 3.1. The value of the present table depends on how far the deviates are 
independent random samples from а standard normal population. This point has 
been tested in two different ways, both of which involved heavy computational labour, 
The first was to compare the frequency distribution of these deviates with the 
theoretical distribution, for the whole sample and its various sub-samples. The other 
Was to use these tables for model sampling experiments on the distribution of range 
(for various sizes of samples) and then to compare the distributions of range thus 
obtained with the known normal theory distributions tabulated by Pearson and 
artley (1942), These two series of tests are being reported in this and in the 
2 lowing Sections. 
3.2. In preparing frequency distributions of the deviates the intervals used 
Were of length 0.2, i.e. one-fifth of the standard deviation, which is, of course, quite 
adequate, (The intervals were: ...,-0.2 to 0, 0 to 0.2, 0.2 to 0.4, etc.) Separate 
¥ distributi ons were prepared for each of the 104 exclusive sets of 106 entries 
as cm two consecutive columns m Be tables. The tit of goodness of fit 
E ^ ans to each of these 104 mui op When реб class-intervals so 
pn. n very small expected frequencies, Cochran’s (1952) recommendations were 
'ed throughout the present investigation. For the xy?-tests being reported in 
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raphs 3.2 to 3.5, the ‘minimum expectation’ was taken to be 1 в both the tails: 
on fr ney distributions of 100 deviates, the pooled class-intervals were : 
ЗЕ AU an 10 1.8, _... 1.8 to 2.0, 2.0 to ＋ co. Fourteen of the X? values 
арон at the 10% level, out of which 4 exceeded the 5% level jara 
exceeded the 1% level. The sum of these 104 y?s came out аз 2174.0, is iio 1 ns 
obviously non-significant, since the degrees of freedom corresponding to this figure. 
which is a X?, is 2184. e 
3.3. Table 1 shows the frequency distribution of these 104 values of X“, 
together with а comparison with the normal theory distribution of y? with 21 degrees 
of freedom. The value of x2 with 15 degrees of freedom was 13.840. 


TABLE l. OBSERVED AND EXPECTED FREQUENCY DISTRIBU- 
TIONS OF 104 GOODNESS OF FIT x?s WITH 21 d.f. 


——— —— ͤ E:ä̃ — vb. — 


class- observed expected 
interval froqueney frequency 
(fo) (fe) 
(1) (2) (3) 
0.0- 2.0} 
2.0- 4.0] 9| 0.002 
4.0- 6.0 0 0.057 
6.0- 8.0 0 0.446 
8.0-10.0 5 1.688 
10.0-12.0 2 4.086 
12.0-14.0 7 7.282 
14.0-16.0 8 10.395 
16.0-18.0 15 12.548 
18.0-20.0 14 13.285 
20.0-22.0 12 12.662 
22.0-24.0 11 11.071 
24.0-26.0 8 9.007 
26.0-28.0 5 6.895 
28.0-30.0 4 5.009 
30.0-32.0 7 3.478 
32.0-34.0 4 2.320 
34.0-36.0 2 1.494. 
36.0-39.0 0 1.254 
39.0- 2. 0 1.020 
total 104 104.000 


X? with 15 d.f. = 13.840, 


3.4. "The frequency distributions for all the 400 entries in each of the 26 
plates were then obtained by combining the four distributions, each for 100 entries: 
prepared from the same page of the tables. The y?-test was applied to each of these 
distributions. The class-intervals after pooling were: — to 2.6. —2.6 to —2.4 «^ 
2.4 to 2.6. 2.6 to +00. Three of these 26 y's were significant at the 10% probability 
level, out of which two were significant at the 5% level, but none at the 1% level. 
The sum of these values is only 706.78, which is a X? with 702 d.f. 

3.5. The frequency distribution for the entire set of 10,400 deviates was 
obtained by pooling these 26 distributions, each for 400 entries, This distribution 
is given in Table 2. For purposes of application of the y?-test, the class. intervab 
were: 00 to -3.6, —3.6 to 3.4. . .. 3.4 to 3.6, and 3.6 to too, The value of X? with 
37 d. f. is 42.124, which indicates satisfactory fit. 
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TABLE 2, OBSERVED AND EXPECTED FREQUENCY DISTRIBUTIONS OF 10,400 
NORMAL DEVIATES 


n мшш LL LL — 


class- observed expected class- observed expected 
intorval frequency frequency interval frequency frequency 
(fo) (fe) (fo) (fe) 
qi (2) (3) (1) B) (3) 
— 40-4 0 0.0 to 0.2 826 824.301 
—4.0 to -3.8 1 | 1.655 0.2 to 0.4 155 192.085 
—3.8 to -3.6 1 0.4 to 0.6 713 731.382 
9 85 И 0.6 to 0.8 590 648.936 
iie 1 1.849 0.8 to 1.0 547 553.281 
F 2 3.642 
—3.210-3. 93 
ш ы 5:808 1.0to 1.2 480 453.290 
—83.0to-2.8 15 2.534 1.2to1.4 349 356.855 
—2.8 to -2.6 26 21.903 1.4to1.6 272 269.957 
—2.6 to -2.4 40 36.778 1.6 to 1.8 185 196.238 
—2.4 to 2.2 67 59.341 1.8 to 2.0 129 137.074 
—2.2 to 2.0 93 92.006 
—2 А — 2.0 to 2.2 97 92.006 
de 1 177 2.2 t0 2.4 69 59.341 
Seeds ey 2.440 2.0 35 36.778 
BE 20 2.6 t0 2.8 19 21.903 
1 396 2.8 to 3.0 9 12.534 
2 to -1.0 456 
—1.0 to -0.8 537 553.281 3.0 to 3.2 3 6.893 
—0.810-0.6 668 648.936 3.2 to 3.4 3 3.642 
—0.6 to -0.4 115 131.382 3.4 to 3.6 1 1.849 
—0.4to-0.2 790 192.085 3.6 to 3.8 А 1.655 
—0.21o 0.0 842 824.301 3.8 to = 0 
: M MEE кшн 
" total 10,400 10,400.000 
x2 (37 d.f.) = 42.124 
t 3.6. In addition to the above, it is possible to test the deviations of sample 
re н у à д 
am constants from corresponding theoretical values. This has been done 
sh he whole sample on the basis of the distribution presented in Table 2. Results 
Shown i : s 
| Vn in Table 3 seem to be fairly satisfactory. 
TABLE 3. FREQUENOY CONSTANTS FOR THE ENTIRE SAMPLE 
(OF 10,00 NORMAL DEVIATES) 
sl. statistic standard critical 
no, а 25 error ratio 
symbol value 
a) 2) (3) (4) (5) 
i т -0.0223846 0.0098058 9.983 
2 s 1.0065689 0.0069337 0.947 
3 By 0.0004949 0.0240192 0.021 
f By 2, 9492832 0. 0480384 -1.056 
5 us —0.0226882 0.024019 -0.945 
6 Bs 3 0275446 0.096077 9.287 
is us 0.091378 0.263117 A16 
S Ho 8 0.988881 0:364 
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4. TESTS BASED ON SAMPLE RANGES 


4.1. The normal deviates, read vertically, were grouped into mutually 
exclusive pairs, and the absolute differences between them calculated. Tis P 
the range for a random sample of size 2 from a standard normal population. Such 
caleulations were done for the whole table, so that there were 200 samples per ian 
and 5,200 samples in all. The frequency distribution of each set of 200 ranges was 
compared with the theoretical distribution by the x?-test. Class-intervals bs 
after pooling: 0.0 to 0.2, 0.2 to 0.4, . .., 3.0 to 3.2, 3.2 to 3.6, 3.6 to co. The first 
line in Table 4 shows that 5 out of these 26 Х?'в were significant at the 10%, level; 
only 1 erossed the 5%, level but not the 1% level, and one value was beyond the 
1% point. The total of these 26 values, which is itself a X? with 442 d.f., was nee 
only. Тһе y?-test was also applied to the frequency distribution of all the 5,200 
ranges taken together. First line of Table 5 shows that this was non-significant. 


4.2. In exactly the same manner, frequency distributions of sample ranges 
were prepared for other sizes of sample, viz., n (size of sample) = 3, 4, 5, 6, 7, 8, 9, 
10, 11, 12, and 15. (In each case, the process of forming samples started from 
the left-hand top corner of Page l, but as will be seen from cols. (1) to (3) of 
Table 4, for certain sample sizes the process did not cover the whole of the 
present Table'.) These observed distributions were compared with the correspond- 
ing normal theory distributions by the y?-test, which was applied (as in the case 
for n = 2) to the ‘pooled’ distributions of the entire set of sample ranges for any 
given n as well as to the distributions for suitable ‘sub-sets’ of 100 or 120 or 200 such 
sample ranges. As before, the X"'s for the ‘sub-sets’ were combined by straightforward 
pooling. Asa general rule, for = 3 upwards, the *minimum expect; 
to be 2 at the lower end and 1 at the upper. The results of all 
in Tables 4 and 5. The over-all position seems to be s 


ation' was taken 
such tests are summarised 
atisfactory. 


TABLE 4, RESULTS OF X*-TESTS ON FREQUENCY DISTRIBUTIONS OF 'SUB.SETS' 


OF SAMPLE RANGES 


no. of x?'s significant at 


sample no. of no. of common different lovols pooled x?-test 
size sub. sample ranges d.f. for 
(n) sets’ ^ per ‘sub-set’ X?'s 10% 5% 1% d.f. xz-value 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
2 26 200 17 3 1 1 442 450.305 
3 11 100 18 1 198 191.318 
4 15 100 19 1 285 282.459 
5 13 160 19 1 4 947 930.895 
6 10 100 17 1 1 170 191.360 
7 5 100 18 90 101.886 
8 5 100 17 1 1 85 105.829 
9 5 100 17 1 85 85.053 
10 8 120 18 144 128.245 
n 5 100 16 80 65. 605 
12 5 100 16 80 71.160 
15 5 120 16 80 54.765 
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TABLE 5. RESULTS OF x2-TESTS ON ‘POOLED’ 
FREQUENCY DISTRIBUTIONS OF SAMPLE RANGES 


samplo number of samplo results of x?-test 
sizo ranges in ‘pooled’ 
(п) distribution d.f. x*-valuo 


(1) (2) (3) (4) 


+ 
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2 5200 26 
3 1100 24 
+ 1500 25 
5 2080 21 
6 1000 24 
7 500 22 
8 500 22 
9 500 22 
10 960 24 
11 500 22 
12 500 21 
15 600 21 


| 4.3. For each value of n, the mean of sample ranges (R,) was worked out 
from the ‘pooled’ frequency distribution of the entire set of ranges. These values 
Were thereafter compared with the corresponding theoretieal means (d,), using 
exact values of standard deviation. Results shown in Table 6 seem to be fairly 
Satisfactory, 

TABLE 6. DEVIATION OF SAMPLE MEANS OF RANGES 


FROM THEORETICAL MEANS 
— — 


samplo no. of sample 


sizo ranges in observed theoretical critical 
(1) ‘pooled’ mean range mean ratio 
distribution (Ry) (dn) (Ry -d) /s. e. 
(1) (2) (3) (4) (5) 
2 5200 l. 1.12838 2.200 
3 1100 1. 1.69257 1.446 
4 1500 2. 2.05875 0.957 
5 2080 2. 2.32593 1.571 
6 1000 2. 2.53441 0.529 
7 500 2. 2.70436 0.473 
8 500 2. 2.84720 0.862 
9 500 3. 2.97003 1.472 
10 960 3. 3.07751 0.785 
11 500 3. 3.17287 -0.297 
12 500 3.2 3.25846 0.527 
15 600 3. 3.47183 1.467 


ырыр 4.4. It should be appreciated Ша for the higher values of n, such tests 
distrib eve to be very sensitive to deviations from normality eun їз tails of the 
in "en and especially to the existence of what are called "rogue" observations 
Sample. 
5. TESTS OF RANDOMNESS 

ms 5.1. For the sake of interest, another series of tests based бй the theory of 
Kong Was applied to the whole table. The theory a these tests will be found in 

паа (1946, Vol. 2, pp. 124-127). These tests, it must be noted, are tests of 
aspects of randomness and are not in any way concerned with normality. 


257 


Vor. 20 ] SANKHYA : THE INDIAN JOURNAL OF STATISTICS [ Parts 3 K 4 
Or. 2 S 2 


- 5.2. The 104 sets of 100 deviates were considered separately. For 1 
set, the signs of differences between successive values of nomal deviates, куе 
table is read vertically, (one column after another.) were given. 4 E өе. 
consecutive ‘+° ог ‘—’ signs, preceded and followed by Ше opposite sign, was ta ie à 
as a phase of length x. The number of turning points i.e. peaks or troughs. wa: 
one greater than the number of phases. | | ett 

5.3. If p be the number of turning points in a random series of N terms, 


istri i f 
the first four moments of p are known. For large values of N, the distribution « 


p is known to be approximately normal. For N = 100, in partieular, we have 
Е(р) = 65.5, о(р) = 4.178, P3) — 0.0005498 and Вә(р) = 2.9761. Ignoring the 


slight departure from normality, the frequency distribution for the 104 values of 
Ж = 


p, one for each set, was prepared and compared with the normal distribution having 
mean = 65.3, and s.d. — 4.178. The observed and expected distributions me 
shown in Table 7. Class-intervals were, after pooling : — со to 56.5, 56.5 to 57.5. 
.., 78.5 to 74.5, 74.5 to + oo. The ‘minimum allowable expectation’ was taken to 
be 1. Goodness of fit Y? came out to be 25.639, 


which for 19 degrees of freedom 
is non-significant. 


TABLE 7. OBSERVED AND EXPECTED! FREQUENCY DISTRIBUTIONS 
OF p, THE NUMBER OF TURNING POINTS IN SETS OF 100 


DEVIATES 

no. of observed expected 
turning frequency frequency 

points (fo) (fe) 

(p) 

(1) (2) (3) 
upto 51 0 0.049 
52 1 0.063 
53 0 0.131 
54 2 0.257 
55 o| 0.477 
56 0) 0.836 
57 0 1.385 
58 2 2.055 
59 5 3.146 
60 5 4.396 
61 5 5.799 
62 11 7.924 
63 13 8.499 
64 5 9.440 
65 6 9.902 
66 6 9.808 
67 1 9.174 
68 T 8.102 
69 14 6.757 
70 5 5.321 
72 2 3.957 
2.119 
18 2 1.781 
74 1 1.178 
75 & above 0 1.483 


104 104.000 
1 Expected froquencios were caleulatod on the assum 
and о(р) = 4.17798. 


i 35.3 
ption of normality, with (р) = 65.5 
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5.4. For each set of 100 deviates, the frequency distribution of observed 
phase lengths was prepared. Phases of length 3 or more were pooled together. The 
use of such frequency distributions for tests of randomness has been studied by Wallis 
and Moore (1941). The probability of a phase of length d in a series of length N is 


6(@243d+1) (N—d—3) | 


given (approximately) by t : i — 
(approximately) by the formula (03) ONT) 


The expected frequencies were adjusted so as to add up to the observed number of 
phases. If X? is then calculated in the usual manner, one has to consider 2.5 as 


the Appropriate d.f. if y? > 6.3. For lower values of x?, 5да сап be tested as а y? 


with df. 2. 


5.5. Such tests were carried out for all the 104 distributions. In 7 cases 
the values were significant at the 10% level; out of these 7 values, 2 exceeded the 


50 
5% level, but none exceeded the 1% level. 
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RANDOM NORMAL DEVIATES BASED ON TIPPETT'S RANDOM SAMPLING NUMBERS 


col. 


TOWN, n 
по. 


e 


10 


15 


20 


12 
© 


30 


40 


50 


figure « 2 
9 obtai 
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e 
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0538 
0210 
0604. 
1589 
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0220 
1449 
0841 
1715 
0932 
0168 
1271 
0479 
0827 
0142 
0194. 
0789 
0501 
0931 
0811 
1542 
0403 
1337 
1423 
0766 
1946 
1572 
1186 
1470 
0345 
1074. 
0536 
0456 
0814 
1160 
0671 
2007 
0529 
0671 
0047 
1176 
0277 
1230 


—— NNN RK REN RN RENN RR RP RRR кеке eh 


De NN RF - se NNN NNN K RK NNN RK - RR NWN RE NNR RN NN REN RP Re ee 


b9 


0424 
1669 
0669 
0062 
1368 
0565 
0685 
0786 
0572 
1003 
0382 
0493 
0028 
0770 
0059 
0912 
0378 
0224 
0221 
0329 
0561 
0330 
0981 
1473 
0316 
1872 
1412 
0366 
0251 
0254 
0569 
1273 
0588 
0017. 
0382 
0605 
0705 
1043 
2012 
0906 
0660 
0081 
0764 
0746 
1748 
0121 
0522 
0523 
2024 
0997 


The figure “1” at the begi 


for the — si 


d The norma 
n deviates with unit s.d. a decimal point has to be placed after the first digit, 


ы 


0255 
1017 
0410 
1220 
1078 
0003 
0413 
0958 
1578 
0867 
1454 
1169 
0173 
0028 
0638 
0443 
0174 
0625 
0220 
0239 
0459 
0260 
0018 
0584 
0555 
0627 
1169 
0251 
0239 
0307 
0343 
0528 
1379 
0190 
1268 
1147 
2077 
0596 
0814 
0765 
0680 
0778 
0964 
0146 
1778 
0598 
0492 
1062 
0662 
0569 


Re По о FRN EN b) — o — RH n RNR КО WN - -i PNR — bD NNR Ne We lth wtb ble 


Prare No. 1 


Yee to NR RE — - dO oe RPE Во Во bo — b RP RINE BP Re Rt RRP RR - —— ——- о 
— G 
© 
= 
л 
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to t to bo =.= В М Мо н Мо BPR REN — NEN WNW NR DR — NWN — bL o— NNN erbem 


or 


0834 
0584 
0368 
0255 
0525 
0547 
1145 
1725 
0645 
0405 
0357 
0772 
0629 
0564 
0889 
1630 
0726 
1189 
0165 
0596 
0537 
0428 
0388 
0239 
2362 
1719 
0085 
1290 
0964 
0909 
1524 
0697 
1207 
0403 
0354 
0896 
1930 
0570 
0614 
1615 
2473 
1354 
0329 
1663 
0754 
0090 
0028 
1045 
0564 
0243 


to o t bo d ho bo bo bo % — — % NNN — О b 09 b NN o — bp b FINI RR RP Re eR RR bee 


2 
2 
2 


| 2 0: 2 
3 ing ББ each group of five figures stands for the д 


1 deviates listed as above have a standard deviation of 1000. 


6 


0230 
0089 
1232 
0888 
0282 
0297 
0261 
1007 
1185 
0550 
0615 
0003 
0403 
1015 
0385 
0192 
0967 
0591 
0271 


0199 


1274 
1242 
1330 
0815 
0528 
0896 
1755 
0153 
1091 
0122 
0401 
0436 
0043 
1081 
2759 
0704 
0969 
1463 
0094 
0879 
0320 
0476 
0912 
1994 
0808 


1180 
1006 
1299 
1590 
0226 


o М на на на REPRE NNW Во МО Мо — b) Во b — bD b кєн Во PN NPN Nee ккк о н о Re ке ке wh 


D 8 
0476 1 0157 
1126 2 0615 
0500 1 0736 
0193 1 1163 
1183 1 0371 
0271 2 0594 
0012 2 0618 
1155 1 0556 
0858 1 0389 
0256 1 0568 
0806 1 0786 
1454 2 0705 
0968 1 0365 
0243 1 0120 
0188 1 1723 
0572 1 2612 
0108 1 0725 
1136 1 0021 
0238 2 0435 
0001 1 1106 
0350 2 0127 
1050 2 0050 
0100 2 0178 
0331 2 0647 
1123 2 0861 
2270 2 0878 
0445 1 0141 
0723 1 0894 
0061 2 0144 
0345 2 0390 
0141 2 0500 
0925 2 0481 
1008 1 1851 
0406 1 1325 
0637 1 0249 
0358 1 0045 
1377 2 1079 
1242 2 0485 
0680 2 0288 
0919 2 0813 
2214 1 0024 
0223 2 0354 
1112 2 1056 
0766 1 0187 
0007 2 1588 
0613 1 0974 
2095 1 0469 
0613 2 0312 
0257 1 0875 
0473 1 2066 

sign and the 


Vor. 20] SANKHYA : THE INDIAN JOURNAL OF STATISTICS [ Parrs 3 & 4 


RANDOM NORMAL DEVIATES BASED ON TIPPETT'S RANDOM SAMPLING NUMBERS 
Prate No. 2 


col. E ^" 
гоху то. 1 2 3 4 5 6 1 8 
no. : И 


2 1148 2 0566 1 0630 2 0247; 2 0336 1 1030 2 0638 1 0123 
1011 2 0022 2 1327 1 0563 20051 2 1121 i1127 2 0769 
2 0450 2 0732 2 0224 1 2248 2 0056 2 0123 2 0936 2 0646 
1 0775 2 1885 1 1257 2 0786 1 0765 2 1437 2 1159 1 0577 
5 10485 2 0203 2 0360 10018 2 0132 2 0496 2 1455 2 0013 
1 1391 2 0302 1 1374 2 0797 1 0452 1 1807; 1 0880 2 0487 
1 0080 2 1290 2 1528 1 0380 2 0042 1 1131 1 1190 1 1068 
2 2238 2 0056 1 0854 1 1417 2 0797 2 0761 1 0010 1 1097 
2 0715 1 0763 1 1595 10576 10996 20261 2 1341 1 0069 
10 2 1803 1 0069 2 0254 21941 1 1443 1 0197 1 0184 2 2727 
1 0791 11891 10065 2 0186 123251 2 0021 2 1289 1 1352 
2 0671 2 0188 21018 2 2007 2 2284 1 0392 1 1111 2 0074 
1 0423 2 0873 2 0490 1 1372 1 0291 1 0226 2 1457 2 0284 
10459 2 1065 1 1345 2 0060 1 2334 2 0315 1 0640 2 0604 
15 21000 1 0842 11102 2 0422 10822 2 0038 2 0172 ] 1794 
10176 12267 2 0088 21345 2 0219 4: 2 1406 J 0289 
2 0212 21060 2 0557 2 1458 2 1129 1 1915 2 1025 2 1051 
2 0124 20683 2 0361 1 0077 1 0719 1 0562 2 1969 2 0701 
2 0089 2 1544 1 2160 20136 10168 10729 21183 2 0730 
20 10436 20373 12115 1 1396 2 1639 1| 0378 1 0089 1 1248 
10386 2 1840 1 0806 1 0920 2 1371 35 2 0863 
2 0971 20179 2 0894 1 0080 2 0382 i 71 Un 2 0296 
2117 21173 20428 11219 20267 1 0461 2 0954 2 1848 
10008 2 0246 20814 12079 1 1101 20443 1 0580 1 0293 
25 10795 2 0831 1 0039 20841 2 0542 2 1983 1 0729 2 0567 
2 0848 11277 2 1272 10602 10739 2 0214 1 0890 1 0604 
12536 2 1375 1 0064 2 0270 1 0842 2 1368 1 0198 2 0131 
2 1838 1 2378 2 0003 10769 10505 2 1359 2 0846 1 2268 
12338 1081 2 0218 1 0475 2 1995 2110) 1 0647 1 1190 
30 2 0989 1 0793 11645 2 0225 2 1961 2 0531 1 0273 2 1295 
2 0808 2 1193 2 0309 10320 2 1528 2 2 075 0073 
2 1634 2 1997 1 0241 10470 2 1076 1 O74 2 rind 2 0077 
2 1622 20239 11366 10351 20807 1090 2 0356 1 0386 
1 0637 1069 1 0404 21008 2 0212 2 1718 2 0389 2 0321 
35 2 0437 2 0323 1 0800 1 0520 1 0797 1 0602 2 0104 1 1740 
10488 2 0664 10670 1 1746 1 1332 ‘ 2 0999 
11274 20490 20351 21784 21249 1 0342 1 1266 2 0197 
11408 2 0720 2 1759 2 0469 2 0990 10993 2 0154 2 2081 
1 1958 1 0836 1 0546 1 2036 2 1024 1 0888 2 0132 2 0880 
40 2 0778 2 0803 2 0561 10185 2 1008 1 0760 2 0018 1 2404 
1 0503 2 0500 2 0814 2 0432 20143 3 тай: 799 
2 0420 2 0867 2178 1 0236 2 0273 1 0508 1 1070 1 0220 
1 1997 10136 2 0071 10132 2 0315 20477 20337 20121 
11516 10145 10119 22075 1 0605 1 0522 2 0274 1 0604 
45 10192 10332 2 0370 10307 20521 10304 1 1020 2 0825 
1 0482 1 0886 2 0137 20542 1 2543 0959 
10417 10457 2006 22478 21761 i en A Eos i 0644 
2 0633 2 0188 1 1153 11009 20168 1 1277 2 1146 2160] 
10478 2 0026 1 1672 20378 1 0395 1 0740 1 2518 1 1017 
50 2 0120 1 0763 2 0282 1 0596 21112 1 0558 2 0026 1 0417 
ure “1” at the beginning of each group of fivi by sem Бата! he 
прав one ý 705 the — sign. The gl deviates listed as EE ре ныш Арл of 4000. 


To obtain deviates with unit s.d, a decimal point has to be placed after tho first digit 
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TABLES OF RANDOM NORMAL DEVIATES 
RANDOM NORMAL DEVIATES BASED ON TIPPETT'S RANDOM SAMPLING NUMBERS 


PnarE No. 3 


| SS нс Ды 
У, col. ; 7 
| TOW no. 1 2 3 4 Б 6 7 8 
no. ® 
E ns E T 0428 1 0075 1 0023 1 1071 1 0455 
| : onos 2 l — 0352 1 0022 2 0814 1 0970 21849 
12217 2 КШ 2 0650 10691 20209 2 1007 1 1546 
20022 1 30551 1 1129 2 20% 1201 1 0585 1 0879 
5 10204 2 0169 10435 12175 1 yos 8 6 a 2 dis 
= . 2 1045 2 5 2 072 2 
1 0953 21215 1134 1 1 2848 1 1353 2 1301 21833 
2 0491 21979 2126 l » 1191 22167 20287 2 0423 
2 um 2 0849 2 e 1 10882 1 0189 1 0659 2 0792 
lo 20706 — 2 0007 51681 2 I гоо о 
gem еам ШО] , 10055 2 0428 10177 1 0348 
jm 19 IIS r Se оор 
? 1284 2 1372 1 18M „0054 11872 11138 2 0231 2 0247 
| 0498 2 0007 2 0231 2 2226 1 1184 10172 1 0058 1 0446 
15 5 1 1 0235 І ped 1 1446 20781 2 1875 2 1373 1 0366 
2007 1 0312 1 „ 0041 10020 20269 2 1252 10308 
21201 1 1361 10102 0543 10218 20685 1 1985 1 0811 
1 1366 1 0805 2 1303 1 ата ә 1484 2 0321 2 0053 1 2280 
2 1135 1 1086 20404 1 0848 20349 1 1417 2 1150 2 0896 
~ ) 1577 2 0800 10192 0292 20133 1084 1 0089 2 0801 
1376 2 0038 1 1453 op J 0195 10000 1 1441 2 1332 
1 0710 2 0383 1133 2 5 20165 2 0462 1 1408 2 0056 
l 0011 2 0379 10035 09 2 1820 10407 2 0283 2 1580 
1 0076 2 0625 2 0987 > 9115 Т 1658 1 0219 1 0018 2 1071 
| 25 20335 1 0007 1 0332 2 05 11 1010; 2 1866 11985 2 0887 
2175 2 0691 1 0123 s xn 2 0154 2 0167 2 0033 2 1504 
2 0559 1 0784 2 1181 2 0952 5 1284 2 0600 2 1007 2 0672 
1 0815 1 0127 21715 2 о 2 0657 1 0949 1 2834 2 0023 
2 0849 1 1003 1 0590 10% 1 072 20533 20848 2 0492 
30 7 1289 2 0685 2 0908 7 ino 2 2330 1 1726 1 1477 1 1238 
1 0693 1 0142 2 0696 27^ 20847 21243 2 0498 2 0792 
11372 2 1237 2 1721 2020? 2 0995 1117] 10226 2 0266 
1 0476 1 0486 2 2727 1 9905 2 1027 2 0325 1 0975 1 0827 
2 0335 2 0092 1 1200 1 1091 2 0904 2 0327 1 0163 2 0724 
às 10335 2 2442 2 0611 > 9292 2 0523 2 1199 1 1885 1 0225 
2 0126 2 0980 1 1815 2077 1 0535 1131] 21721 1 0133 
20632 ә 0702 21720 2 1087 2 00 1 0288 10247 11009 
| 1 0222 2 1228 1 0924 20000 f 2073 20219 2 0154 1 0860 
2 0195 2 0523 1 0530 3 1909 2 1773 2 1239 2 0174 1 0845 
4 20877 2 1588 1161 2 шы 2 0147 2 1238 20347 1 0197 
0259 2 1412 2 0811 1 . 1 1017 2 0745 2 в 2 0600 
0503 5 1 0537 ә 1274 599 2 1095 2 0376 1 1587 
1 0310 2 1530 10813 2 m 10177 20402 20542 2 1081 
20490 топо 10947 21191 1 170 21090 | 0899 2 0593 
5 20297 l 0097 2 1802 1 199 1 0182 2 0275 1 1074 1 0389 
12304 ә 0085 2 0711 2 12 „ 1208 10047 11318 2 0044 
1 1074 10007 2002 2 Қа 2 0797 2 2200 2 0186 2 0552 
2 0850 1 0814 2 0978 11 2 2 0660 1 1900 ә 188 1 1367 
Lores 2 040 2 030 109? 2 02 11545 20119 Fd 
bo 10% 2141 2086 20/7. 11807 2175.58 08. I 0409 
l 1798 2 2669 1 0553 ET ave figures stands for the '— sign and the 
f of each group 0 ve have a standard deviation of 1000. 


Teure he figure “1 at the beginning 
P Obtain’ for the ‘—’ sign. The norma 


cvintes listed ае, oo after the first digit. 
e 
deviates with unit s.d. a decima 


1 point has to 
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Vor. 20 ] SANKHYÀ: THE INDIAN JOURNAL OF STATISTICS [ Parts 3 & 4 
RANDOM NORMAL DEVIATES BASED ON TIPPETT'S RANDOM SAMPLING NUMBERS 


PravE No. 4 2 
E col. | 


row'N no. 1 2 3 4 5 6 a 8 
no. 
2 0841 2 0262 1 2120 1 0165 2 2304 2 0274 1 0961 1 2473 
10140 2 1082 20988 2 0407 2 0474 2 2370 1 1070 2 0304 
2 1437 2 0496 1 1256 1 0004 2 0674 2 0336 2 0675 1 0379 
21015 21722 20612 10954 1 1159 2 1612 2 0580 1 0172 
5 12280 à 20380 10748 21109 1 2304 2 0129 2 0733 1 0055 
2 0225 10204 20818 2 0140 2 1506 2 1125 1 0097 2 0568 
1 1872 10160 1 0586 1 0344 2 1128 2 00507 2 0188 2 0396 
2 0502 1 0705 1 0654 2 1231 1 0512 1 0354 1 0421 1 0295 
2/0583 2 0481 2 1547 1 0118 2 0009 2 0050 1 1133 1 1522 
10 21720 1 1551 1 1643 1 0947 10917 20101 10352 1 1363 
10189. 2040 1.0247 1 2042 1 0440 — 10403 2 0078 1 0092 
2 1730 — 11063 1 1200 1 0991 12088 1 0626 1 1567 1 1323 
11043 20075 2 0726 1 0416 10912 2 0452 1 0183 Т 0813 
10773 2 0165 1 0678 1 1939 204001 10907 2 0283 2 0039 
15 2019 22330 2 0013 2 1808 2 0202 1 0883 1 1275 1 1454 
2 1102 2 0534 1 2125 1 0905 10176 1 0631 2 2 0806 
2 1885 11152 1 0675 1 0464 10440 2 dm 2 0016 2 0088 
2 1146 1043 2 0219 1 0529 10274 2 0072 10315 2 0345 
2 0248 1 2052 2 1048 218811 10226 2 0073 1 1338 1 0024 
20 10984 2 0253 2 0709 2 1102 1 1782 1 1379 2 0479 2 0034 
11068 1 1309 1 0325 1 0093 2 0957 1 1099 2 0069 1 0357 
т d 10455 2 0534 21652 1 0514 21321 21616 1 0312 
SID 2189) 2 IIS 1 1097 2 1759 1 0629 1 0239 1 1851 
LS 2158 1958 1 1678 2 0600 2 1570 2 0608 2 0191 
25 E 0463 10387 ә 0791 10237 2 0489 2 0549 1 0403 1 0739 
2 1208 1001 10989 2 1604 2 0121 21044 10994 1 0681 
1 ae 2 0288 1 1513 21623 10439 1 1990 2 0229 20882 
pa 2 0861 2 0903 10593 2 0624 2 0444 10141 2 0694 9 
30 1 0606 2075 1049 2055 1 0354 2 0817 1 1363 1 0887 
: 1 m 20374 2 0890 1 0299 10152 2 0446 2 0027 2 1342 
2 1 1554 2 0758 2 0792 11138 21169 11630 2 0257 
1 9520 о отер штора 5105 2 1069 1 0494 1 0030 | 
ри 0240 1 0569 2 0600 2 1259 2 1974 11117 20175 | 
в 1 00 0752 1 0438 1 0252 10680 21108 1 0471 2 0218 
35 : A i У 10290 20837 1 1187 2 1104 20814 22432 
020% 270092 1 0518 1 0190 10 2 0276 
9 325 2 0899 2 
i Hrs 5 9481 2 0467 2 0080 11266 2 0781 1 0456 2 1077 
1-1. T 10913. 2 0412 1 0179 2 0334 1 2073 2 0467 
40 2009. rou. 1270 20728 1 0210 2 1242 
: 10842 2 0507 1 0096 2 0698 10179 1 0909 1 0498 
1 0304 10759 2 0240 2 0726 11805 2 0111 10194 2 2549 
| 10797 22165 2950 1 0954 2 0420 1 0901 2 1399 1 0459 
І 0981 10582 2 0819 2 0136 2 0669 2 0888 1004 2 0778 
, 205 NOIRE "5S DSS 1195 т 0067 1 0048 2 0431 
45 20378 10376 10488 2 2004 11398 2 0055 1 1990 1 0157 
10946 — 2 11902 2 0475 1 1359 l0288 2 339 
1 0884 20199 1 0058. 10880. 14019 2 2200 4 1905 1 0748 
1 0532 2 0005 21100 21128 10832 1 0364 2 0809 2 0463 
2 0307 2 2484 1 0368 1 0075 1 0008 2 0177 2 0745 1 1244 
50 1 1011 11320 21276 2 0565 1 1569 21279 20522 2 0953 


The figure “1” at the beginning of each oun of five f ron Stand зз рэ gio An the 
figure “2”, for the sign. The normal deviates listed as above have eC ME ob 1000. 
To obtain deviates with unit s.d. a decimal point has to be placed after the first digit. 
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TABLES OF RANDOM NORMAL DEVIATES 


RANDOM NORMAL DEVIATES BASED ON TIPPETT'S RANDOM SAMPLING NUMBERS 


| Prare No. 
| co]. 

OWN no. 1 2 3 4 5 6 8 
no. 


l 0894 2 0491 1 0282 2 2066 2 0403 2 1826 l 0434 2 0097 

1 0267 1 0311 1 0975 ] 0402 2 0104 2 0086 l 1476 2 0017 

2 1531 21354 20635 2056 20148 2 0212 2 0135 2 0411 

2 0308 10434 2 0343 2 0507 2 0590 1 0795 2 0098 2 1137 

9 10265 1081 20618 10201 10859 1 0298 1 0216 1 0868 
2 0760 — 12009 1 0356 1 0264 11390 1 0390 1 0570 1 0523 
20617 20599 22122 1 1265 10375 20402 2 0396 2 0724 

2 2077 10566 1006 21269 11243 20010 1 1237 2 1229 

1 0748 1 0863 2 0242 2 048] 1 0962 2 0645 21542 1 1134 

10 2 0666 l 1582 2 1005 1 0252 1 2911 2 1435 1 0994 1 0078 
2 2020 2 1875 1 0296 1 0040 2 0961 2 0314 l 0289 2 1199 

2 1294 1 0453 2 0688 1 1304 2 1672 2 1680 2 0468 2 1006 

2 0674 . 1 0606 2 1644 0000 2 0627 1 0426 10885 2 0194 

; 1 2113 10503 10634 21142 10955 1 1396 2075; 1 0314 
15 10087 1 0331 1 1427 2 0979 1 0849 .1 0781 2 0800 1 0273 
10161. 10204 2 1009 20155 2 0841 1 0274 10380 1 0501 

| 1 1621 2 0159 11690 10449 1 1630 1 1014 11315 1 1421 
1 1580 1 0279 2 0900 1 0795 2002 2112 1 2235 1 0537 

- 2 1344 1 0594 10094 1 0401 1 1284 11932 2 0006 1 2498 
a0 l 1077 1 0185 1 0087 1 0143 2 0228 2 1644 1 0556 1 0433 
l 1852 2 2245 1 0457 10387 2 0630 2 0474 2 0810 1 0206 

1 0988 2 1213 1 0056 2 0711 2 1312 2 1166 1 0757 1 1583 

2 1776 2 0447 2 0566 2 0409 1 0383 1 0645 1 0737 2 1899 
| 25 1 0208 21366 20145 10260 2 1083 2 0194 11299 21036 
| ^" 10000 10942 20312 1 0102 1 1358 2048 2 0504 1 1630 
2 0600 2 0910 21590 21744 21457 21193 1 0379 2 0616 

1 1030 — 1 0166 2 0430 2 0296 1 0508 2 1084 2 0139 1 1364 

2 0821 1 0404 1 0086 1 1079 2 0195 2 0337 1 1832 2 0363 

з 26200 109. 22-6 2 0767 f 110 1080 2 098 2 078 
2 0200 2 0557 2 0043 2 0767 2 1140 2 1624 1 0686 2 0250 

2 1385 1 0454 1 0049 2 0732 11604 21165 1 0464 2 0406 

1 0152 1 1751 2 0474 2 0951 2 0275 1 1396 1 2022 2 1570 

2 0483 1 1026 1 0450 1 2092 1 0937 2 0431 2 0746 1 0447 

35. 2 0487 1 0154 10087 20707 2 0352 21630 2 1031 1 0864 
2 0148 1 0299 2 0052 2 2848 20018 2 0856 2 0404 2 0469 
11005 1 0483 1 2127 101 21193 1006 21131 2 0443 

1 0716 2 1738 2 0351 2 0542 1 0362 20853 1 0044 2 0597 

2 0776 2 1270 10109 2 1568 2 0623 1 1254 2 1063 2 0445 

40 1 0375 2 0131 1 0203 1 1534 2 0951 2 0666 2 0010 1 1217 
2 0544 1 1499 1 0019 1 2727 2 1306 2 1380 1 0412 2 1266 
22173 2 0449 1 0544 2 0196 2 1274 2 2092 2 0411 2 0035 

1 0923 1 1251 2 1639 2 0131 2 0166 1 1074 2 0056 1 0270 

2 0220 1 0279 1 0881 1 0613 1 0584 2 0180 2 1108 1 1903 

45 2 0331 10038 2 0852 1 0385 2 0460 1 1688 l 1004 2 0868 
2 0892 1 1449 2 2748 1 0811 11194 1 0012 2 0677 2 0407 

2 1239 1 0577 10578 1 1261 1 0821 1 0564 1 0063 1 0870 

l 1227 2 010 2 0893 2 1121 1008 1 0603 108701 1 0274 
1016 2 0401 1 0655 2 0307 2158] 1 1345 2 0562 1 0065 

so 10947 2 0577 1084 11370 1080 2 1306 2 0069 э 1718 
0125 — 2 0078 1037 20120 10082 2 1920 2 0069 2 0127 


figure «The figure “1” at the beginning of each group of five figures stands for the ‘+ 


2 " [Eres 1 i 2 +" sign and the 
© obtain , the ‘—’ sign. The normal deviates listed as above have a Standard deviati t 10 
tain deviates with unit s.d. a decimal point has to be placed after the first digit. “маша E DOLE 
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Vor. 20 ] SANKHYÀ: THE INDIAN JOURNAL OF STATISTICS [ Parts 3 & 4 


RANDOM NORMAL DEVIATES BASED ON TIPPETT’S RANDOM SAMPLING NUMBERS 


Prate No. 6 
—— —M—— 


col. E s E > 
row . по. 1 2 3 4 9 6 i 8 
no. Әс — — v MEE ee — 
С 21004 20159 2 0284 1 1146 2 1165 2 0224 1 0738 11048 
2 0613 10946 12346 2 0739 1 00588 1 0875 2 0292 2 1330 
1 0599 1 1729 2 1406 2 1048 1 0065 1 0616 2 0230 1 1311 
2 0769 2 1361 20328 20342 2 0841 20359 20138 2 0710 
5 2078 11312 11068 11124 11135 1 0003 20489 2 0762 
2 0066 1 0142 1 0024 — 1 1849 2 0400 1 0070 2 0403 2 0809 
1 1836 2 1123. 2 0488 1 0527 2 0968 1 0881 2 0355 2 0953 
2 0102 — 1 1500 1161 2 0620 1 0927 1 0603 2 0659 2 0234 
1 0801 1 0567 20463 1 0200 10051 1149] 10394 2 0413 
10 1 0050 10022 10320 11311 2 2200 2 0889 2 0916 1 0675 
10457 2 0524 — 1 1184 2 0325 2 0180 22727 1 0693 2 0312 
2 1869 1 1269 2 1155 2 1026 1 0058 1 1484 2 1104 2 0375 
20123 2 1679 11616 20420 11916 2 0298 1 0633 1 0142 
10318 20076 21710 20488 2 0529 1 1052 2 0994 2 0549 
15 10243 2 0423 10086 10261 2 1002 10456 2 0096 21113 
10602 1045 2 0689 — 1 0477 2 0681 ә 1084 1 0633 2 0200 
2 0093 21007 2054 10084 2 1764 1 0984 2 0740 2 1521 
2 0805 21331 2 0482 21635 1 2203 21074 10183 2 1212 
1 1029 1 0085 11415 2146 21750 1 0417 2 0056 1 0277 
20 10696 20230 20255 20098 11615 20277 2 0473 2 0500 
2 0182 2 0530 1 0624 1 1413 1 0905 1 0022 1 1375 2 0041 
10346 — 2 1201 — 10428 1144 1 1902 11139 1 0982 2 1231 
1 0108 10528 11078 1 0832 10755 1 0200 2 0572 1 0080 
„ 20117 1005 2001 20291 1 1061 1 1040 1 1122 1 0330 
25 1008 2 0057 2 0627 20913 1 0704 1 1653 2 0679 1 1104 
1 1088 1 2203 2 0135 1 0445 2 2024 1 0819 1 1294 1 0260 
2 0408 2 1272. 20150 2007 1044 1 1875 20879 21953 
20712 20808 20489 2 1321 1 0190 1 1177 1 1730 1 0176 
10370 21442 2 0887 2 0598 2 07 2 0204 2 0055 1 0673 \ 
30 2 0583 1 006 2 067 uH IBS 20 0 
35 3 20678 10484 1 0543 1 0617 2 0659 1 053 
621 — 20018 10881 10106 1 108 1 0079 2 0437 1 0836 | 
10495 10920 105422 1 0177 2 65 5 5 2 0003 
9 2 0596 10585 1 1166 
TOUS 2090. r 0060 1 1039 
"Es FG” 20981 1072 NEL. 11312 2 0369 1 1329 
35 я к | m 10108 1 0679 2 0293 1 1389 2 1063 2 2652 
2 0056 2 0007 1022 2 226 1 0426 
2 0467 2 0239 2 1579 2 0987 1 0120 mo 125 i 1372 
PM i : 10280 1 2122 2 
2.0082. 20l "20461 2 0062 оўо 5 0119 20917 2 1010 
a 10 25H. 1065 19049 [4 2505, 1048 
iid M lems $5 w" MI! 2 0156 1 0056 
* 4E 13 mM MD am 1 0411 22770 
2 1679 2 0023 1 0872 1008 1 0747 ў р 1186 
55 75 | 10094 2 0871 І 
1 0851 2 0724 11403 10102 1 1183 2 Р 1126 
E Я ә : 2 0115 2 1918 1112 
2 1571 1 08989 21652 1 1400 1 1580 5 0010 2 1093 2 1051 
5 2 5 7 2 2 Б ж жт 
^" dos 2o com zow 1105 104i towa 1 0080 
2 075 2 2 0306 1 0765 р Б 131 
1 0062 20491 1 0507 10737 20783 i 196 1 1700 | 0019 | 
1S2 To 20 37^ M'. o Mi тш 
11108 21687 2208 $2791. Togi ду 2 0101 2 0805 
50 1 1079 2 0042 2 0169 — 2 1189 1 0627 5 1388 2 0216 
The figure “1” at the beginning of each gr f : aa КОРҮҮ d 
figure 2% е pom t РТ The normal it 0 as quiguros stands for the 4 ncn аш 00. 


8 s 5 d > = AR 000. 
To obtain deviates with unit s.d. a decimal point has to be placed after the ieee of 1 
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PLATE No. 7* 
col. 


TABLES OF 


ANDOM NORMAL DEVIATES 


| RANDOM NORMAL DEVIATES BASED ON TIPPETI'S RANDOM SAMPLING NUMBERS 


TOW no. 1 2 3 4 5 6 T 8 
no. 

1 0886 1 0687 2 0157 1 0871 10599 2 0431 1 0110 ә 1901 
20206 2 1117 10429 2 0765 — 1 1487 2 1225 21041 2 0815 
| 0650 — 1 0123 1 0999 2 0963 2 2077 1 0972 2 0723 1 0797 
1 1374 1 1125 20181 1 0969 2 0469 21170 1 1023 2 0531 
2 0987 2 0458 — 2 31905 2 0655 1 0833 1 0762 — 1 0719 2 0968 
1 0882 2 1024 2 0177 10454 2 0298 2 1134 1 2220 1 0092 
1 0992 2 0034 1 0008 1 0200 1 0382 1 0143 1 0585 2 0837 
1 1043 1 1084 20751 21524 20964 10561 10520 1 0620 
2 0343 1 1335 2 0700 2 0876 2 0982 2 0645 10394 2 0514 
10 1 1059 2 1521 2 0531 10029 2 0025 2 0616 2 0106 1 0010 
l 0457 1 0537 101141 2 1854 10418 10514 20604 1 0817 
2 1020 11779 1 1653 2 0265 2 1022 2 0860 1 2111 2 1106 
2 0979 1 0221 2 0533 2 0010 2 1113 1 1329 11527 2 0138 
„ 20963 20139 20411 2 0076 — 1 1213 1 0026 2 0263 1 0633 
15 20852 12999 20859 11118 — 1 1743 1 1000 2 1940 2 0280 
2 0255 1 0168 2 0344 1 0137 2 1090 1 0979 — 1 0431 2 0966 
1 0145 21365 | 0130 2 1005 1 0763 1 0386 2 0182 1 1517 
l 2088 1 1053 1 0453 2 1995 2 0061 — 1 0443 1 0236 2 0397 
" 2 0746 1 0543 1 0777 1 1946 1 0898 2 1250 2 0198 1 1194 
70 21370 2 0250 2 0203 1 0650 2 1092 2 0336 10055 2 0624 
2 0631 2 0927 2 0255 21575 2 1127 10412 1 0649 1 1902 
20819 21159 21011 20169 1 0702 1 0270 10854 1 0091 
2 0508 21451 2 1307 2 0610 2 0224 1 3353 1 0584 1 1438 
; 1 0993 1 1771. 2 2034 1 1265 10723 2 0311 21802 21651 
1 0456 1 0338 2 0560 2 0190 1 2028 2 1191 10198 1 1186 
2 0872 — | 0013 2 0004 11448 2 0221 1 0436 — 1 0272 1 1935 
l 0290 2 0204 11218 20515 10693 2 1802 10223 2 0323 
1 0018 2 0368 1 0444 2 0107 2 1330 1 0271 2 0304 ә 1589 
5 2 0944 2 0363 1 08690 2 0554 2 1213 1 0583 1 1224 1 0728 
"? 20099 2 0007 11513 10433 1 0929 2 0419 11935 1 1021 
2 1170 20339 1 0880 10614 2 2048 2 1237 2 0400 1 1178 
1 0187 1 0117 11225 10497 21129 2 0104 1 0664 2 0872 
20156 2 0316 11845 20267 20428 2 0220 1 0983 1 0808 
33 2 1439 2 1011 1 0132 1 0859 2 1145 1 04608 2 0136 1 1799 
1 0577 1 1478 2 1799 2 1974 1 0088 2 0384 1 0460 2 0250 
2 0692 | 1000 2 2028 1 1718 2 0936 2 0976 10594 1 1449 
2 0356 2 1882 1 0398 1 0046 1 0030 1 1046 1 1587 1 0412 
1 0888 1 0174 1 0885 1 1704 20215 10875 2 1194 1 0698 
40 20417 10410 1047 2 0921 1 0744 1 0080 11163 2 0603 
2 1576 2 007; 2 1580 2 0277 2 0816 1 0071 1 0947 1 0059 
20945 20112 11704 1 1018 10279 1 0948 1 1527 11672 
2 0723 2 0288 1 0080 1 0002 1 0107 2 2536 1 0794 1 1490 
10799 1 0038 1 0605 1 1328 2 1795 2 0612 1 0265 2 0005 
45 1180 10542 21556 10376 20219 22391 2 0824 2 1467 
2 0701 1 1413 2 1653 2 0947 11255 1 0066 1 0237 2 0667 
1 0500 2 0874 2 0346 1 0338 2 0381 2 1776 10163 1 0088 
2 0925 2 0796 1 1036 І 2834 1 1840 1 0603 1 2428 1 0719 
2 1679 1 0381 2 0392 2 0900 10219 2 0359 2 0050 1 1154 
50 19981 10142 1 0593 1 0088 1 0209 2 0225 2 0976 2 0840 
2 0046 2 0039 20791 2 0878 2 0214 11611 1 0955 2 0654 
“os ы te figure “1” at the beginning of each group of five figures stands for the ‘+-* sign and the figure 
Obtain = е t. Sign. The normal deviates listed as above have a standard deviation of 1000. To 


10 


deviates wit 


tp 


h unit s.d. a decimal point has to be placed after the first digit. 
Ог warning as to use sce paragraph 2.10 of Introduction. 
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Voc. 20] 


SANKHYA : THE INDIAN JOURNAL OF STATISTICS 


e ET 2 3 4 5 6 
no E 0 — — — - 
2 0707 1 0703 1 10750 10158 20517 |] 
2 0690 1 0343 1 10242 1 0719 11082 2 
10358 10014 1 10442 10819 1 0054 1 
10452 2019 2 2 1082 2 0000 1 0108 2 
5 20715 1 0317 2 10974 10422 2153 2 
2 1283 2 0562 10395 10673 11133 1 0833 2 
10771 10643 21730 20184 1082 1 0437 1 
10890 10200 21212 1 1255 20547 2075 3 
11309 10990 2 1855 21063 20577 10586 1 
10 10228 21290 11107 10095 10648 21039 1 
10176 10261 10849 20376 21413 1 0801 
10514 11053 1 0319 10914 2278 201755 5 
2 0576 1 0120 21252 1.0740 11162 20993 1 
2 0235 2 0219 2 0880 10575 10504 2 1231 1 
15 11218 20207 11888 20917 11179 2 0298 2 
2 1649. 10958 2 0723 29797 20723 2 15 
2 1049 ` 20219 10510 1 1476 1028 1 0544 1 
le 2.0088 — 1:024 1 8562 2 25001 2:0287 1 
10152 20371 20329 2 0020 1 0740 1 2340 
20 21624 10575 20861 20762 10195 2 0062 F 
190248. 2.005 10240. 11181 1008 1040 2 
10430 — 10180 .11188 O 200 2 
VV 
1104 20708 -10069 1 0425 2079 11181 ^? 
25 1140 21255 20812 10197 2 0500 2 grag i 
20149 10910 21090 2 1436 20970 206% 
2 1887 11049 22118 20651 2 0990 10012 2 
10185 20580 21917 10404 10377 319 2 
11062 10722 20004 10383 2 0470 115 2 
30. 11405 20056 10381 20074 1 0527 1 0218 1 
20720 10252 2057 11189 22599; 2111 
11009 11739 01094 2018. 2008 J 88 1 
149 021189 751800 20408 10998 ^il т 
КОО ОКЫ SOI пивт 09b! ору A 
О "BUND 3072. $198. sd | 
10465 2 0516 1 0501 1027 1 0115 : 
10226 2 0735 10562 10070 2 11 1 
1 0500 e 20580 2 0725 обу эз 2 
2 0347 10780 20164 2 0600 2 0545 1 л 
40 20 - 9 1995. то | TOO, эро то .1 
300 Би 2 10146 2 
VVV 
2 0697 9044 20434 21420 1 20 2 
10382 1 0177 à 3 9% 204 2 
FF 
2 0096 1157 2074 1 1847 1 0982 21941 1 
45 2160 2035 уло 31s Co 1399 | 1 
10800 21723 20429. 10492 2 0627 oi ? 
2 0079 — 11358 10280 20286 2 0199 2 009 1 
2 0657 20621 20136 -12697 1 1138 1 00% 2 
207 20102 20216 2091 1 1662 1 000 1 
5o 21403 11688 11967 1084 203 5008 1 


The figure “1” at the beginning of each group of 


figure “2”, for the *—' sign, 


To obtain deviates with unit s.d. a decimal point has to be 


"m five res s 
The normal deviates listed a figures stands for the 


S above have 
placed after t 


* For warning as to use see paragraph 2.10 of Introduction, 
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he first digit. 


[ Parts 3 & 4 
RANDOM NORMAL DEVIATES BASED ON TIPPETT'S RANDOM SAMPLING NUMBERS 


PLATE No. 8* 


7 


1190 
1030 
0419 
0114 
0601 
0608 
1030 
2468 
0568 
0568 
0357 
1751 
1404 
0770 
0968 
2206 
1650 
0388 
0743 
0584 
0018 
1116 
0283 
0557 
0157 
2183 
1311 
0739 
0435 
1043 
0083 
0395 
1478 
0296 
1331 
0731 
1255 
2357 
0531 
0643 
1211 
0767 
1406 
0656 
1654 
0720 
0085 
0768 
0545 


0993 


NNN NNNNm e- NNmHN NHNNN e ENE NR Wee Wh 


HNN о tb 


8 


1200 
1466 
0219 
0820 
1896 
1177 
1106 
0992 
0368 
1170 
0182 
0259 
0845 
0624 
0623 
1900 
0083 
0940 
0341 
2290 
1187 
1288 
0124 
0513 
0467 
1547 
1891 
0788 
1985 
1227 
0967 
0152 
1094 
0293 
0474 
2028 
0182 
0094 
2878 
0945 
1617 
1077 
0536 
0378 
1050 
0588 
0005 
0219 
0402 
1809 


gi һе‏ د 
sign and t‏ 4 
à standard deviation of 1000.‏ 


TABLES OF RANDOM NORMAL DEVIATES 
RANDOM NORMAL DEVIATES BASED ON TIPPETT'S RANDOM SAMPLING NUMBERS 


Prare No. 9 
Sr TCC 


rowN no, 1 2 3 4 5 6 7 8 
no. 

2 2130 10308 2 0293 1 1088 1 0244 2 0643 2 2 1354 
2 0359 21113 1 0289 11055 2 1038 1 0358 10 2 0068 
2 0326 1 0667 1 1430 2 1069 1 1215 1 1866 1 1 0996 
. 2 0157 1 2687 20069 11270 20002 11705 1 1 0388 
5 20315 10648 2 0500 1 0432 2 0300 20583 1 2 0593 
1 1031 2 0211 21764 1 0197 2 0411 10503 2 1 1577 
1 1739 11198 2 0603 2 0161 10056 10078 1 1 0385 
2 0841 1 0060 1 0944 — 1 0241 10716 1 1062 1 1 0308 
2 1678 1 1304 2 0661 10505. 2 0384 20612 12 2 1346 
10 11266 2 1223 2053 1 0838 2 0337 1 2620 2 1 0488 
2 0165 2 2073 20042 2 0719 10355 2 1030 2 2 2142 
1 0449 1 1735 1 2442 1 0111 10288 1019 1 2 0418 
1 1402 11875 1 0231 2 0419  Á 10514 2 0999 1 2 1999 
10231 2 0498 2 0558 1 0763 1 1004 2 1592 2 2 1006 
15 ә 1815 10985 2 1020 2 0290 1 1171 20810 2 1 0221 
2 1414 1 1567 10534 11171 20826 1 0071 2 1 0543 
10973 21376 11407 221922 2 0344 21903 1 2 1279 
1 0286 ә 0383 1 0346 2 0154 10590 10844 1 2 1270 
1 1309 1 0077 1 0374 2 1919 11355 2 0203 2 2 0969 
0 11080 2 0834 2 0663 10432 1 0022 2 0806 2 2 0636 
10160 11060 1 0723 2 1188 2 0329 20797 10 1 0264 
11169 2 0978 20869 2 0113 1 0348 2 0037 2 1 0776 
2 1757 1 0188 11745 2 0530 1 0221 10894 2 1 0781 
o, 1 2409 1 0462 10293 20928 1 0820 11171 1 2 0183 
79 1 0843 12929 2 1664 2 0364 10318 10368 1 2 0578 
l 0464 2 1276 2 1341 2 0160 1 0366 1 1068 13 2 0749 
1 0360 11606 2 0499 1 0497 10795 1 0623 2 1 0087 
2 0680 1 099; 1 1945 2 0139 2 2149 1 0637 2 1 0656 
3 l 0124 20612 20748 1 0491 2 0621 1 0497 2 2 0506 
80 1 0450 1 0692 1 0750 1 0806 1 1155 2 2030 1 2 0688 
1 1363 10230 2 2183 2 0033 2 0658 2 0456 2 2 0817 
20543 2 2273 2 0207 1 0474 2 0707 2 1190 1 12; 2 1101 
2 0306 2 0341 2 0646 23432 20389 21196 2 1222 1 0501 
зу 20525 10292 1 1058 10195 2 0657 2 0961 1 1301 1 0894 
^ 20752 2 0011 10415 1 1014 1 0822 1 0557 1 1606 1 0053 
2 0987 2 0064 2 1186 2 0280 1 1760 11127 2 1192 1 1096 
l 1025 1 0525 2 0187 2 0738 1 0378 2 0133 1 1341 2 1393 
| 20137 2 1818 2 2597 10502 20202 2 1800 21119 1 1849 
40 10954 2 0237 1 1447 2 0943 1 0489 1 0603 2 1847 1 0066 
1 0281 2 0782 2 1983 2 0654 2 0083 2 0895 21671 1 1167 
1 1060 2 1104 1 1152 1 0393 1 0587 2 1102 1 2034 1 1478 
2 0980 2 1069 1 1386 2 0449 1 0308 1 0917 1 0383 1 1208 
1 0986 2 1490 2 0739 1 0345 2 0493 1 0103 2 1169 1 0952 
45 1l 0996 1 0907 1 0973 2 1651 20766 10728 2 0339 2 1041 
2 1691 2 0162 1 2040 1 1120 1 0037 1 0918 1 0858 2 0297 

1 0710 2 20643 10435 10510 11052 1 0117 2] 
1 0005 1 0329 10326 2 0523 1 1299 20445 1 0256 1 120 
2 1530 1 0114 2 1928 1 0618 2 1616 2 2113 21651 1 0267 
50 1066 1 0583 2 2948 1 0508 21134 20345 1 0733 2 0402 
— — 2 0417 2 0985 2 0545 1 0174 21023 2 0714 2 1464 1 1390 


2 for the — gi "mal deviates listed as above have a standar Aoki 
9 obtai the sign. The normal de Standard deviation of 1000, 
tain deviates with uin s.d. a decimal point has to be placed after the first digit, 
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figure «The figure “1” at the beginning of each group of five figures stands for the *--' sign and the 


Von. 20] SANKHYÀ: THE INDIAN JOURNAL OF STATISTICS [Parts 3 & 4 


RANDOM NORMAL DEVIATES BASED ON TIPPETT'S RANDOM SAMPLING NUMBERS 
PLATE No. 10 


: lS CE тшш сыы; 


row по. 1 2 3 4 5 6 1 8 
по. — — — — E 

11687 2 0752 21770 20724 2 0094 1 1465 
1 2334 2 0944 1 0970 2 1224 1 0332 2 0091 
2 0281 1 0460 1 0176 2 0120 10772 2 2319 
2 0962 2069 1 1462 1009 | 0892 2 0346 
5 1 0470 10051 2 0252 2033] 2 1238 2 0895 
2 1036 — 10250 1 0650 20543 10848 2 1147 2 0965 2 0915 
1 0003 1 0800 2 0649 80% 10169 1 0564 2 0165 2 0813 
2 0081 2 0445 2 1455 1 0882 l 0364 1 0608 3 0314 1 0253 
1 0791 20655 11018 11267 2 0136 2 0924 1 0078 2 0575 
10 2 0016 2 0613 2 0634 2 0189 1 0150 11101 2 0567 2 1165 
1 0617 21601 1 1270 21551 21653 2 0019 2 0256 1 0313 
1 0025 11018 10275 10431 1 0072 10253 1 0891 2 1240 
2 1446 10008 2 1377 2 0171 2 0677 2 0873 2 0603 1 0568 
1 0630 1 0949 2 0449 20091 2 0995 1 2652 1 0082 1 0650 
15 21122 20433 2 0308 22238 1 0018 10898 2 0716 2 1363 
11139 20626 21025 21232 1 0049 2 0879 1 0518 1 1032 
2 1550 11011 20129 2 2312 1 0148 2 0941 23121 2 0309 
2 0401 2 0208 10400 20371 1 0639 2 0420 — 2 0341 1 0866 
2 1410 2 0551 2000 1 0273 2 1034 2112 1 0076 1 0273 
20 1 0356 2 0506 2 1013 1 0670 1 0479 1 0856 1 0895 1 0566 
10606 10728 21068 10685 2 0592 2 0686 2 0071 1 0455 
2 0086 1 2248 23353 2 0275 1 1394 11480 1 0085 1 2737 
2 0026 11148 11551 1 1084 1 0549 21572 1 0612 2 0756 
1 0511 10458 1189 1 2178 1 0639 1 0800 2 0623 2 0360 
25 1 0230 2 0464 2 0575 2 0296 11377 2019 1 1076 2 3719 
2 0448 21392 11460 2105 1 0991 21455 2 1902 2 1619 
10129 11271 1 1305 2 1966 1 0094 1 0979 1 9291 2 0005 
1 0631 10176 2 0054 20596 1 0791 1 0617 11337 2 0526 
1 0736 1 0795 2 0050 10038 1 1398 2 0490 1 0248 1 1779 
30 10914 2 0336 1 0244 2 0392 2 0501 2 0550 2 0430 1 2197 
2 0779 2 0822 10815 21051 1 1057 11325 5 2183 
2 0167 10799 ә 160 1 1496 L 0476 1 0124 | 0009 1 1082 
2 0526 2 0462 1 0502 2 1608 10290 20473 2 1416 1 1295 
10640 2 1080 1 1372 1 0810 2 1023 1 1161 1 1732 21187 
35 2 0483 1 0346 20150 1 2052 10613 2 0191 1 0885 1 0423 
2 1204 10250 2 2489 10474 2 0499 22 53+ 007 
1007 LU) 231400 1095 2 1916 1 in 2 0687 1 1096 
2 1725 21869 1 0220 1 0174 10726 11054 2 0625 2 1565 
1 4H IL яши e 0666 — 10936 1 1520 
4 Rib 20%. loi Sose- li 3 1394 10905 1 0237 
1 0973 21417 20288 21963 D mE ; Y 8 
2 1500 10243 21798 1 2687 1 0687 2 0137 1 9268 3 9024 
11382 1 0175 21030 10472 1 0346 2 0813 2 0013 1 0104 
2 0240 11307 10491 2 1016 1 0607 1 1623 1 1574 1 0204 
45 2015 11957 2031 10702 1 0535 1 0547 20347 1 1997 
2 0181 11986 11040 2 0020 2 0733 qu 2 0100 
10831 21262 20632 10053 1 1677 2 9213 i 0162 2 1341 
10452 10460 2 0588 1082 2 2183 1 0494 ә 057] 2 0484 
2 0667 1 0216 21354 11710 21497 10345 т 1430 2 0508 
50 2 0880 — 10846 1 2748 21930 21472 11755 10050 1 2007 


Tho figure “1” at the beginning of each group of five figures Stands f Mel e nd the 
figure "2", for the — sign. The normal deviates listed as above ha: еа E 


To obtain deviates with unit s.d. a decimal point has to be placed aft 
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ve à standard deviation of 1000. 
er the first digit, 


TABLES OF RANDOM NORMAL DEVIATES 


RANDOM NORMAL DEVIATES BASED ON TLPPETT’S RANDOM SAMPLING NUMBERS 


Prate No. 11 


low Sno. 1 2 3 4 5 6 7 8 
no, 

2 0242 2 0454 2 0569 1 O10: 2 0402 2 0833 11182 2 0649 
10910 — 10506 2 0019 2 0955 10423 1 0483 2 1536 1 0567 
1 1281 10254 10962 10555 1 0421 1 0707 2 0460 1 0591 
е 1 0219 1 0646 2 1930 2 0664 2 0085 2 0521 1 1851 2 0928 
9 11165 2 0042 1 1559 2 0166 1 0830 1 1092 1 2362 2 0019 
2 1972 2 1595 1 1900 2 0433 20858 10181 2 0737 21774 
1 0652 2 1453 2 0139 2 9878 10291 10460 11091 2 0951 
2 0099 1 1059 1 1708 2 0701 | 1169 2 0314 2 1151 1 0060 
T l 1649 1 06905 2 0724 10294 1 1073 1 0482 20161 2 0197 
) 1 0142 10350 10125 2 0264 20404 10079 1 0344 1 1029 
? 0532 2 0840 2 1328 1 0503 2 0014 2 0228 2 0349 2 1205 
10060 11813 2 0162 2 1351 11981 2 0911] 1 1544 1 0113 
2 0066 1 0961 23540 1 1992 2 0753 1 2181 10935 1 0390 
15 2 0103 2 0261 2 0773 1 1352 1 1600 11611 2 0516 2 0177 
Е 20366 2 1368 2 0029 1 0753 2 0221 2 0235 1 0034 1 1164 
1 0067 1 0428 2 0428 2 0144 1 1034 2 0115 2 1301 2 1257 
10287 2 1193 2 0184 1 0992 2 0000 2 0803 2 1536 2 0144 
11997 2 0344 2 0771 10567 2 0946 2 1950 2 0660 1 1192 
20 2 0528 1 0643 10440 20165 10098 2 0570 2 0344 2 2197 
E 1 0674 1 0932 1 0080 1 0534 1 0363 1 0407 2 1201 21125 
l 0325 2 0340 1 0882 2 0619 2 0227 1 0511 2 0625 1 0070 
2 0284 2 0635 1 1133 1 0284 2 0073 2 1300 1 1063 2 0464 
2 0219 12054 2 0532 2 1261 20276 2 0289 20562 1 0448 
25 2 0123 1 0382 1 1897 1 0717 2 1609 2 0549 1 1474 1 1203 
чә 2 0346 1 0192 10797 1 2326 1 2346 2 0215 2 0783 1 0066 
| 2 047] 10030 2 1500 2 1088 10199 2 0328 1 1612 1 1082 
| l 1423 2 0263 1 0319 2 0157 2 0406 1 0209 1 0708 1 0317 
| 2 1160 1 0496 110905 11374 2018 1 0141 2 0904 1 0990 
30 1 0725 2 0339 1 0838 2 0581 2 0407 1 0080 1 0268 1 0792 
2 2590 10188 1 0283 2 0930 1 0044 2 1231 2 0297 1 1178 
l 0260 1 0936 1 0301 1 0383 2 0119 1 1017 2 0009 2 0465 
1 0599 1 0079 12478 1 2052 1 0200 2 0706 1 0994 1 0506 
| 2 1140. 1 0333 11158 21143 20241 1 1713 2 0693 2 1174 
35 1 0194 90210 1 1152 1 0255 2 2062 1 0908 10156 1 0196 
1 0828 1 0088 2 0338 2 0693 1 0926 21711 10906 1 0594 
l 0006 1 2583 2 0437 1 0290 2 0299 2 0805 2 08601 2 1771 
2 0409 21899 1 0335 1 0114 2 2032 2 1146 1 0099 1 1377 
2 1507 1 0117 10147 11562 21560 1131] 1 1089 1 0807 
40 1 0909 10656 2 1341] 2 0548 2 0388 1 0881 2 0143 1 0821 
1 0998 1 0324 2 0086 2 0555 1 0333 2 1502 1 1863 2 1188 
2 0522 2 52 10515 2 0176 2 0180 12315 2 1964 
| 2 0619 1 1085 1 0440 12194 1 0738 20750 1 1334 1 1997 
l 1876 ә 0797 1 0321 2 1983 2 0975 1 1800 2 1360 2 0738 
45 21111 1 0608 1 1568 1 1621 1 1662 2 0873 1 1066 1 0636 
2 0473 1 1437 1 0146 1 0247 2161 1 1235 2 0449 1 0249 
2 0868 1 1439 2 1218 2 0524 2 0301 2 2097 1 0064 2 0825 
1 0265 1 0934 2 0858 1 0194 2 1384 2 0598 2 1951 1 0689 
2 0822 2 157; 2 1210 1 1432 20733 2 0750 10095 1 1127 
50 l1856 1 1278 1 1986 1 0159 1 0052 2 0587 1 1468 1 0707 
; 21354 2 0796 10256 2 9848 1 1063 1 0211 2 1022 ә 0249 


figure «The figure “q> БЕ the beginning of each group of five figures stands for the ‘+° 


9 obtain 


› for the * 


—' sign. 


i The normal deviates listed as above have r 
deviates with unit s.d. a decimal point has to be placed after the first digit. 
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sign and the 


a standard deviation of 1000. 


L. 2 : | E К 
Vor. 20 SANKHYA : THE INDIAN JOURNAL OF STATISTICS Parts 3 & 
Se 4 


RANDOM NORM ;VIATES BAS 
IAL DEVIATES BASED ON TIPPETT'S RANDOM SAMPLING NUMBER 


PLATE No. 12 


JJ eee 
NS col. 
row. no. 1 2 3 
no. ^ 4 5 6 5 
7 8 
2 0087 2 0300 1 1007 ә 07 
Р 85 2 0789 2 0722 < 
11299 1072 2165 2 0789 20722 20683 22628 20389 
2 0831 2 0730 10629 1 0255 567 2 0862 2 0028 2 0935 
o 2150 2102 21996 21768 -11091 2 1726 2 0806 1 1013 
5 "iJ 089 оо 05 iis fon i55 2 0921 
352 29322 ii > ze J 2 129 р 5 b D 
icone E Bon. со з F 
2 1362 2 0022 2 me 2 0453 2 1916 1 0842 5 1 8 2 0240 
i97. т d ОЛО col  LOON 2.00 в Do 0 
2.4% 2 Bos 100810 1194 21483 21069 1 971 1 0466 
2 1222 2 0119 761 1 1689 
11116 20032 2 0820 2 1 1161 2 0887 2 0802 2 0055 
2 210% 10 2090 2002. 2 1308 10007 2 0584 2 0055 
. 2045 2 1303 1 0349 10632 20229 2 0975 вор 3 
о аха иом SIE тою 1505 2 06 2058 1 1283 
2 0230 10749 1 221 1 0234 1 1079 1 131! эт 
825 0900 2 05 9 11311 11279 
11535 1 0633 1 20583 2 0847 2 
„ 1% 1104 2 0805 imo. 202 sons Lo 1 1790 
2 2 1783 2 021 d 0050 І 0071 10159 ә 0628 2 0669 1 1413 
^ 92 å 
113% 20057 2350 104 1072 30m. T NEN 
< 2 1260 2 rm 72 2 e 
2 0517 1 0309 2 0489 2 0367 1050 2 9551 2 0544 1 0286 
Sum ee отв, за 0216 11688 2 0342 die 1 9705 
201% 20828 Lou 2.5 2081 1 0038 2 1951 1 0137 
10576 [Oped 1 0986 11037 2 1006 1 0192 10042 1 1105 ! 
1 0009 1 0238 2034 10633 2006 2 0054. 0012 1 0564 
20435 22014 20356 1 ч 10440 1 0597 2 1531 1 0025 
d 11315 2 0940 1064 1 mor. S009 Fu 2 0939 2 0006 
10802 1 0046 1 0705 2 Hm 1048 1 12 50 7 0777 1 0610 
20425 11 Н 284 2 0024 s 1227 1 013 
20408 1 0729 Э T 2 1111 1 0087 7 0438 1 0873 2 0280 
2075 1 0220 1 1375 10553 2009 | 003 2009 2 0256 
as 199 11308 1050 1 086 2049 209 155 2 0295 
5 2029 2 0953 20572 2 19981 10394 2 1330 2 1436 1 0262 
2104 21731 114 12 1 20m Togs 10 3 0182 
a 0193 2 1963 1 0759 1 2028 21134 2142 0480 2 044 
0490 2 0467 1 05 n ш 2 1239 
i 2 1465 1 0002 1 91010 2033 10006 2 0242 21377 1 1329 
20390 1 0364 20439 2 1209 1 0086 2 182 1004 1 0412 
10179 10620 1 0687 2 569 2 1146 2 1805 10045 2130] 
2 0647 2 0440 2 tray 2 0888 1 1552 | 00 10600 2 1428 
11072 20188 1 0645 1 006 2099 2 0084 2 0245 2 1042 
$ 1 1026 1 0338 2 0967 Т 0066 1 0103 2 0650 1 0529 1 1389 
45 2 1924 10157 1 1058 1059 1094 2 004 2008 10 
10638 1077] 1 0820 190: MIO CSO Mes а 0767 | 
10032 2 0810 10748 : 0627 2 0137 2 0583 2 0576 1 1774 | 
20819 20316 21317 1 0619 2 979 1 0522 2 0580 1 1068 
А 11487 1000 1074 1 0930 1098 2 % Ae 0910 
50 1042 11151 20396 10 1049 16 04 20831 2 0062 
: = 0254 20439 2 s 2 0250 2 1272 
2 0281 1 0634 20404 


The figure e i TT OE TET PERE тай 
figure “2”, for the ‘—’ sign. fee йон group of five Пешев, трен c": 
1 i iates wi i mal deviates list 'es s = — 
To obtain deviates with unit s.d. a decimal Sod ios . = рота inus ы е Mal sign and or 
ced after the fir, rd deviation of 100". 
st digit. 
272 


TABLES OF 


RANDOM NORMAL DEVIATES 


RANDOM NORMAL DEVIATES BASED ON TIPPETT’S RANDOM SAMPLING NUMBERS 


PLATE No. 


13 


eee 


10 


15 


N 
or 


30 


35 


40 


figure «gt? figure “I 
9 obtain q 


col. 


no. . 


МО КО BD МО КО - bL МО М te- МО D — o — — NN RNP NR NE NNR Б КО ҺО МО RE REIN WN NR Re eR О ВО 


1 


0143 
1400 
0190 
0517 
0170 
0634 
0506 
0998 
0080 
0200 
0224 
0648 
1138 
0468 
0483 
0465 
0961 
0709 
0661 
0466 
0885 
0008 
0127 
1294 
0046 
1225 
0193 
0505 
1643 
0369 
1151 
0493 
1186 
1117 
0082 
0306 
0616 
1059 
1133 
0805 
0386 
2387 
0300 
0775 
0098 
0092 
1650 
0441 
1104 
0487 


2 


1965 
0617 
1481 
1253 
0994 
0619 
2135 
0511 
0597 
0441 
0435 
0196 
0247 
0951 
1463 
0165 
0187 
0554 
0276 
0250 
0089 
0608 
1222 
0013 
1278 
0033 
0672 
0198 
0350 
1598 
1745 
1191 
0357 
1174 
1150 
1402 
0707 
0973 
0161 
0071 
1036 
1468 
0411 
1394. 
1085 
0297 
0328 


а ett И а RENN WR RP be ble by 


NRF ts te — NRF ВО М н ORR eb NNN N N 


Ө at the beginning 
for tho — sign. 


1 


2 


RR be — DR RD ШШ RP DR BP NR RN RB ШШ ЖЕЛКИ RRR — ВО ВО Во К WN NRPS NIN RI Ree et 


ә 
Б] 


1955 
1036 
0264 
1262 
1146 
0227 
0435 
0795 
0842 
0942 
1182 
1587 
0183 
2669 
1177 
0139 
0879 
0411 
1067 
0898 
1836 
2530 
0930 
0096 
1244 
0462 
0913 
0433 
0770 
1224 
0107 
0265 
0787 
0663 
1647 
0855 
0410 
0818 
0713 
0701 
0496 
1703 
0152 
0046 
0553 


of each group of five figures stands for the 
х The normal deviates listed as above have a standard deviation of 1000. 
eviates with unit s.d. a decimal poiut has to be placed after tho first digit. 


NNN — ie — WN — — bL WRENN tete tests PNR ee Wei 


bo bbb WNW Reb 


4 


1737 
0075 
1322 
0039 
1632 
0260 
0311 
0221 
1307 
0462 
1167 
1815 
0026 
1160 
1816 
1997 
0074 
0039 
0353 
1426 
0410 
1208 
1387 
1730 
0563 
0449 
0018 
0790 
1024 
1062 
0485 
0211 
0812 
1869 
1825 
0666 
0392 
1024 
0482 
0106 
0769 
1006 
0108 
1584 
0106 
0177 
0945 
1371 
0479 
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PENNE н Ко КО Во Во во во Во BPR ERIS ENED BPN EEE WEI NE PI BEN ee 


ә 


0281 
0533 
0538 
0788 
1133 
0200 
0220 
1402 
0964 
0998 
0276 
1828 
0189 
0056 
0486 
1785 
0972 
1153 
0421 
0427 
1215 
1649 
0317 
1114 
0812 
0367 
0400 
0964 
0236 
0745 
0322 
0317 
0814 
1142 
2304 
1630 
0610 
0379 
0124 
0880 
0411 
0168 
2395 
1168 
0027 
1089 
2277 
0542 
0659 
0879 


BREN PN BRR EE BRD PNR NR REE NE ENN SNE hi eee BPE RPI eR be by 


6 


0674 
1752 
0008 
1704 
0281 
0011 
0392 
1207 
0253 
0512 
1223 
1899 
0492 
0683 
0228 
0942 
0177 
0846 
1305 
0250 
0376 
1627 
0592 
0669 
0621 
0422 
1406 
1562 
0115 
0038 
1704 
0452 
0834 
1914 
1708 


1134 
0114 
0491 
0489 
0683 
0336 
1859 
0546 
1029 
0822 
1333 
0937 
0249 
0236 
0131 


—— - WNP Ln NN C qo NNN NE NNN — - (oe bp bn ВО d$ e oem eee eee ll 


7 


0532 
1530 
0930 
0721 
0622 
0125 
0171 
1579 
0752 
0073 
0589 
113 
0021 
1231 
0711 
0139 
0097 
1967 
0249 
0526 
0138 
0060 
1287 
0148 
0145 
0338 
0863 
0453 
1099 
0470 
1267 
0719 
1516 
0112 
0620 
0994 
1376 
0168 


0247 


1330 
0499 
0383 
0504 
0745 
0125 
0501 
0088 
0504 
0378 
0606 


She ee WN RE REE NN ENE EDR Ee Бе Во Б Во Мо NNNNm EN Nb eRe eb = — 12 —— ele toh 


8 


0214 
0325 
0748 
0512 
0738 
0780 
1574 
2077 
1197 
0010 
2697 
1736 
0266 
2748 
0817 
0427 
0225 
0342 
1710 
1292 
0504 
1287 
1052 
0240 
0964 
0774 
1159 
0467 
0455 
0242 
1130 
0742 
1288 
0079 
1405 
0139 
0985 
0594 
0111 
0698 


0860 
0650 
0540 
1331 
0593 
0091 
2330 
0742 
0319 
0820 


*-- sign and the 


Vor. 20] 
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RANDOM NORMAL DEVIATES BASED ON TIPPETT’S RANDOM SAMPLING NUMBERS 
B PLATE No. 14 
col. — — — 


row no. 1 


no. 


10 


1 
л 


30 


40 


50 


figure 


"2". for the *— 


2 3 4 
10405 2 1404 1 0336 
2 9167 11435 2 0016 1 0915 
2 053 20400 20571 2 0191 
10955 12101 10224 2 0703 
10140 1 1048 1 0297 1 0927 
2 0633 1 0806 2 0421 1 1379 
2 0465 2 0020 1 0615 2 0021 
2 0598 1 0305 1 0572 2 0215 
10667; 2 2287 20982 2 0705 
1 0095 10546 20615 2 0546 
11449 2 0099 2 0837 2 0274 
10217 10761 20476 2 1645 
2 0557 1 0490 1 0456 1 0927 
10033 1000 2 0329 2 0190 
11314 10582 2 0782 2 0449 
1 0806 10220 20641 1 1182 
2 0334 1 1413 2 1592 1 0634 
21774 20429 2 2203 201 
2 1967 2 0133 1 1909 1 0981 
10603 22404 1 0495 2 0568 
1 1485 2 0055 1 0186 1 1236 
10282 1 0279 21302 1 0629 
2 0736 2 0132 1 1371 21492 
1211 11204 1115 1 0424 
1044 10934 10270 1 0514 
2 1221 1 1631 1 0394 2 0265 
11813 2 1055 1 0154 2 1803 
1 0974 1 0184 2 0167 21389 
10519 1 0032 10751 2 0417 
10383 1 0721 1 0549 1 0979 
11067 2 0780 1 0893 2 0162 
І 1385 21741 2 0163 1 0985 
2 0797 2 2139 1 0299 2 0008 
І 0874 1 2232 2 0853 21938 
2 0536 1 1288 2 1059 2 0165 
2 1552 2 0843 2 0483 1 0511 
2 1420 22489 2 0010 1 0392 
10594 21174 2 0522 2 0169 
2 0966 2 0549 1 0507 21480 
2 0399 2 0373 1 0632 2 0067 
20719 12378 1 1171 1 0636 
2 09008 1 1504 2 0775 20895 
2 1208 1 0255 2 0320 21073 
10125 2 0629 10145 2 0025 
2 1014 2 1202 1 0445 2 0015 
11142 2 0369 21729 1 0148 
1 1298 — 12418 1 1152 1 0773 
2 0189 2 0027 2 0916 1 1173 
2 0902 1 0023 1 0600 2 0043 
20714 21571 2 0129 1 0708 


The figure ADS 


at the beginning of each group 
The normal deviates liste 
"Го obtain deviates with unit s.d. a decimal point has t 


sign. 
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2 1474 
0352 
0699 
1196 
0694 
0986 
0731 
0549 
0530 
0151 
0761 
0646 
0999 
0430 
1219 
0128 
0572 
0201 
1134 
0084. 
0113 
0481 
0624 
0118 
2556 
0862 
0191 
0806 
0309 
0167 
0081 
1233 
0910 
1490 
0530 
1109 
0116 
0076 
2512 
0235 
1595 
0438 
0121 
1807 
1115 
2697 
2287 
0210 
0437 
1645 


A 


do мю н Н КО 0 s юн 5 5 ho te et wh tebe 
ot NHN NNN NUNN Whe to 
do b N= do d bo NN to 


m" — et 2 n f mde ed ND EE ры te t М te н ВО ВО КО e - VANNON HFEF NE HNN N WV 
N 
— to № bo do de te to bo bo to to 


— 
of five figures stands 
d as abox 


e have a sta: 
о be placed 


after the fir. 


0159 
0033 
0847 
0604. 
1017 
0284 
1142 
0557 
0838 
0130 
0301 
1603 
2501 
0082 
1088 


0170 
1715 
0384 
1803 
1538 
0255 
0515 
0820 
1185 
0911 
1030 
0429 
112; 

0401 
0217 
0659 
2457 
1485 
0624 
0896 
0677 
1554 
1449 
0693 
1176 
2495 
0230 
0863 
0335 
0161 
1231 

0160 
1663 
1455 
0163 


№ № = O н m 2 o d tm E ҥч | 
мом س‎ м С do to К d e р e - W 
— obo to № м to d b tot 

bop N — ыны — һә н 


for the ‘4 
ndard deviation of 
st digit. 


1924 
0507 
1486 
0370 
0096 
0758 
2794 
1045 
1856 
0880 
0452 
0093 
2597 
0096 
0161 
2748 
1121 
0304 
0710 
0101 


0144 
2834 
1624 
0174. 
0384 
0961 
1757 
0205 
1070 
2248 
1911 
0210 
1149 
0476 
1012 
0415 
0017 
0558 
0058 
0087 
2058 
0062 
2157 
2834 
0114 


do es- ieee ву Во Во Во - -e ttt eb 


do do - it 


— момон KF NR ee 


— о bD bD BD te- 


2058 
0669 
0732 
0541 
0140 


0013 
0449 
0986 
0031 
1037 
0978 
0777 
0302 
0612 
0129 
0063 
1587 
1816 
0710 
0412 
1425 
0313 
1428 
0805 
0123 
0411 
0367 
1121 
0746 
0319 
0688 
0262 
1069 
0494 
0994 
1389 
2022 
0050 
1702 
0962 
0973 
0479 
0178 
0105 
1080 


sign and u 


he 
000. 


Z 


t 


TABLES OF RANDOM, NORMAL DEVIATES 


RANDOM NORMAL DEVIATES BASED ON TIPPETT'S RANDOM SAMPLING NUMBERS 


PravE No. 15 


ON. WEE ڪس‎ — ... 


row 110. 1 


по. 


| O711 


10 


7 


30 


40 


50 


М МӘ REN e ISS Eee ро Ко КЕ 


figure «the figure eps t 
— sign. 


о Obtain 


11 


GIN Heist 


КН КЛИ КЛИ КЛ 


М 1 В ВО М — КО К БО Bie ee le 


1705 
9414 
1258 
0742 
0042 
1561 
0422 
2001 
1851 
0358 
1626 
0173 
0027 
0957 
0792 
0365 
1999 
1086 
1031 
0040 
0062 
0156 
1282 
0256 
1689 
0917 
0336 
0033 
1584 
0134 
1460 
2147 
0230 
2214 
1031 
0099 
0277 
0353 
0127 
0517 
0482 
0788 
0312 
0634. 
0148 
1072 
0082 
1492 
0067 


‚ for the 
deviates w 


2 


1 0364 


0076 
1093 
0221 
1001 
0138 
0066 
0591 
1010 
0100 
1937 
0903 
1595 
0727 
1296 
1740 
0352 
0223 
0272 
1604 
1649 
0192 
1255 
1190 
0210 


0293 
0350 
1581 
1238 
0579 
0667 
2597 
1451 
1383 
0791 
0427 
0143 
0052 
0775 
1203 
0093 
0628 
1699 
0415 
0416 
0292 
1637 
0509 
0895 
0944 


14 — 1 WRENN Withee Eee = tomtom Ww Niet 


— NR Re NEE кене NN NNR aH DWN — t 


— о BREN EN BEN et Re ee ee eH ts 


1 


3 4 5 6 7 8 
1361 2 0217 1 0537 2 1101 1 2086 1 0001 
0427 1 0045 2 0190 2 0545 2 0530 1 1021 
0137 2 0158 1 0928 1 0197 2 0627 2 0526 
1449 2 0328 2 1321 1 0101 1 2612 1 1396 
1070 1 2071 2 0295 1 0579 2 1257 2 1765 
0766 2 0115 — 10461 2 00% 2 0328 2 0923 
0707 1 0863 2 0383 2 0290 1 0348 2 1141 
1367 2 0586 2 0335 2 0203 2 1386 1 0570 
0013 2 1299 2 0214 2 0494 1 0902 2 1301 
0334 ] 0209 2 0771 1 0227 1 1232 2 0388 
0322 1 0160 1 1515 11217 21074 1 0972 
0193 | 0860 2 0301 1 1941 2 0103 2 1457 
0761 2 0443 1 2391 2 0554 1 1365 2 1600 
0154 1 1653 ] 0204 1 0391 1 0465 2 0851 
0044 2 0902 2 0618 1 0335 1 0031 2 0422 
USSG — 1 0494 2 0309 1 1270 2 0196 2 0071 
0805 2 0900 2 0361 1 0005 2 1228 20150 
0175 — 10204 21054 2 0174 1 0163 2 0033 
1783 l 0714. 1 0758 1 1209 1 0214 1 0494 
0986 1 0032 1 0088 1 1795 1 0297 2 0824 
0258 1 0025 2 0893 2 0454 2 0506 1 1790 
0518 2 1233 2 0025 2 1957 2 0561 12111 
1084 2 0602 10135 1 0166 2 057] 2 0580 
1174 1 0386 1 1016 2 1355 2 1856 1 1196 
1007 2 1498 2 2095 2 1039 2 0378 1 1171 
0747 10213 10401 10156 2 0679 2 2127 
1059 0121! 1 0000 1 1582 1 2400 1 0969 
1458 ] 1036 ] 1252 2 0821 1 0314 1 0062 
0590 2 0014 1 0566 2 1045 — 2 0406 1 0510 
1523 1 1130 1 2040 1110 — 1 0100 20141 
1251 1 2127 1 1087 20505 21052 2 1186 
0336 1 0626 2 0684 2 0056 1 0088 2 0407 
0655 2 2957 1060 1 0053 1 1378 1 0860 

Н 2 0846 2 0178 2 2090 2 0547 l 0148 
0285 2 0167 2 0143 2 1454 1 0659 2 0600 
0778 1 1351 2 0909 2 1354 20219 1 0631 
1109 2 0011 1 0402 2 1387 2 1251 2 0655 
0234 — 1 0106 — 1 1084 — 1 0231 2 0506 1 0514 
0700 1 1060 1 0616 2 1820 10151 1 0087 
0131 10919 2 0555 2 2068 2 0822 2 0057 
0821 1 0025 1 0981 1 0553 1 0546 1 0554 
1181 2 1217 1 0624 ] 2506 2 0908 2 0393 
0570 2 0360 21179 2 1183 2 0571 2 1055 
0466 2 0689 f 1927 2.0360 2 0546 1 0283 
0125 10213 2 0871 2 0097 2 0528 11750 
0722 ] 2530 2 0115 2 1301 ] 0002 2 0763 
0371 2 0205 1 0458 2 1044 1 1197 2 0296 
2162 2 0638 ] 0298 1 0942 | 1037 l 1154 
1227 2 0187 1 1784 | 0530 2 0584 1 0913 
1336 2 0463 1 0403 2 0593 1 0561 1 0038 


at the beginning of each group of five figures stands for the ‘+° 


vith unit s.d. a decimal point has to be placed after the first digit. 
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sign and the 
The normal deviates listed as above have a standard deviation of 1000. 


Vor. 
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[РАвт5 3 & 4 


RANDOM NORMAL DEVIATES BASED ON TIPPETT'S RANDOM SAMPLING NUMBERS 


PLATE No. 16 


л 


10 


25 


30 


40 


45 


50 


0875 
0114 
0384 
0166 
0902 
0617 
0222 
1165 
0942 
1872 
0021 
2391 
1001 
0266 
0975 
1144 
0484 
0124 
0804 
0669 
0432 
0368 
1483 
0603 
2506 
1215 
1251 
0428 
0180 
1161 


0746 
0504 
1232 
0323 
1014 
0900 
0014 
1616 
0893 
0909 
0871 
0519 
0877 
0178 
0291 


1 do М NNN нана њан ны оҥ юн | 


М п Во м pp———— eee WW 


SRD NNN NN DNDN bo 


t 

S 
A 
= 

© 


The figure “I? 


2 


1719 
0474 
2200 
0000 
1642 
0041 
0367 
0974 
0172 
0804 
1390 
0831 
0954 
0589 
0037 
0750 
0106 
0890 
1164 
0982 
0527 
0742 
0163 
0788 
0676 
0465 
2022 
0081 
0411 
0750 
0055 
1198 
2301 
0533 
0028 
0209 
0191 
1295 
0714 
0129 
0743 
0083 
0820 
1625 
1849 
0666 
1281 
0129 
0776 
0705 


eRe 


Sm 1 — — во о е во NNNHN Ко Во Мо BR ee —— О Бо о Во 00 —— t - e een = 


| 


2462 
0828 
0230 
0592 
0156 
0756 
1164 
0501 
1562 
1601 
0104 
1301 
0050 
0818 
1090 
1776 
0236 
0185 
0439 
0217 
1081 
1719 
1490 
0149 
0428 
1419 
0438 
0704 
0404 
0445 
0012 
0333 
0455 

768 
2020 
0990 
0081 
0020 
1400 
1256 
0363 
0095 
0230 
0543 
0798 


SiN н PENNE t h tee te BO NO NO boh) o E EN - e Ы КО noms = 0 
ко d t BO do do NONO ND PRE e - d te BO % - = PNR EN HHHH Po e o 00 


4 


0299 
0193 
0704 
1010 
0678 
0975 
0814 
1269 
0281 
0289 
2245 
0664 
0888 
0773 
0083 
0816 
1730 


1606 . 


0931 
1112 
0659 
0827 
1243 
1472 
1004. 
0429 
0677 
0010 
0668 
1031 
0007 
0132 
0092 
0713 
2264 
0032 
0089 
2569 
0110 
0033 
0165 
0726 
0402 
0202 
0444 
1953 
2697 
0073 
1122 
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NNN Be ee ENR ew PNW eb te н н NNR EN WE NEN NN NEN Е е 0 


— Ко а por 


© 


1320 
1734 
0497 
0023 
166+ 
0257 
1953 
0115 
0898 
1461 
0151 
1184 
1170 
0426 
2342 
0619 
2028 
0467 
1587 
0619 
0299 
0410 
0663 
1594 
1616 
1916 
0260 
1843 
0770 
1336 
0322 
0273 
2101 
0174 
0383 
0281 
0433 
0006 
0059 
0207 
0499 
2323 
1134 
2357 
0121 
0139 
0588 
2468 
0085 


3432 
0656 
0002 
0057 
1521 
0439 
0309 
0728 
1792 
0558 
0944 
0811 
1252 
0544 
0028 
0938 
1510 
0586 
0879 
1468 
1138 
1375 
0264 
1587 
0940 
1283 
0568 
0132 
0269 
1331 
1273 
0400 
0899 
0191 
0947 
0293 
2001 
0217 
0021 
0167 
0755 
0886 
1639 
1818 
0123 


e BEN EE конон н EN EEE NEN Pe 
Bh we we N Re Nee vi = КК IY — — ٺا ٿا ٿا‎ 


а н Мо Ко -— toto KENNER - Eb 


0575 


to М e tete ——-—t2bNHo——-—-—--—t—ttt — — ټ‎ 


1e 


first digit. 


7 


0778 
0370 
0201 


0576 
0233 
1662 
1863 
0716 
0325 
0284 
0984 
0014 
0988 
0124 
0599 
0095 
1569 
0253 
1715 
0537 
0284 
0793 
0614 
0008 
0096 
0101 
0775 
1305 
0035 
0862 
0512 
1081 
0982 
1406 
0277 
0218 
0846 
1427 
0199 
0432 
1865 
0509 
0814 
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о юн н 
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0253 
069+ 
0278 
0310 
0085 
0964 
0840 
1232 
0623 
0553 
1042 
2086 
0647 
1503 
1351 
0568 
0501 
0170 
0233 
0066 
1460 
1204 
0114 
0482 
0546 
1249 
1360 
0031 
0883 
1427 
0638 
1086 
0570 
0861 
0554 
1255 
1360 
1549 
0722 
2346 
0324 
0167 
0408 
0348 
1248 
0206 
0429 
1295 
1350 
1607 


“4? sign and the 


standard deviation of 1000. 
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TABLES OF RANDOM NORMAL DEVIATES 


RANDOM NORMAL DEVIATES BASED ON TIPPETT’S RANDOM SAMPLING NUMBERS 


PrarE No. 17* 
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col. 
row no. 1 


0255 
2048 
0294 
1393 
0177 
0163 
1125 
0438 
0776 
1066 
1052 
1748 
0528 
1317 
0268 
0819 
0020 
2206 
0415 
0474 
1596 
2543 
2301 
1605 
1185 
0773 
0726 
0294. 
1233 
1075 
0745 
0807 
0718 
1171 
0718 
0071 
0051 
0632 
1859 
0908 
0269 
0639 
0816 
1402 
0184 
0070 
0432 
1083 
0898 
1077 


t2 
л 


50 
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gere «Le figure “1” at the beginning of each grou 

M ОБ а for the *— sign. The normal deviates 

5 eviates with unit s.d. a decimal point ha: 
ү H 

For Warning as to use see paragraph 2.10 of Introduction. 
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0406 
0438 
0851 
1116 
0478 
0265 
0652 
0116 
0314 
1266 
0823 
0272 
2178 
0054 
0088 


1114 
0395 
2848 
0051 
0313 
2075 
1180 
1771 
1104 
0469 


0495 
0914 
0505 
1943 
0172 
0194 
0254 
0150 
0186 
0432 
0093 
1970 
0778 
0280 
1036 
1105 
2378 
0758 
0158 
0902 


DLR Ll Se Rb Ke be bs Во О Ко Во WRN WW = = le — 


SDH Beebe ——— цо 


1 


3 


0185 
1123 
0146 
0326 
0443 
1027 
1188 
1498 
0040 
0516 
1488 
0262 
1440 
0781 
0659 
2028 
1766 
0900 
0603 
0186 
0059 
0341 
0346 
2147 
0183 
0669 
1011 
0840 
0952 
1579 
0664 
2495 
0774 
0429 
0199 
0070 
1360 
1349 
0161 
0362 
1086 
0821 
1093 
0280 
0189 
0245 
2095 
0197 
1610 
0883 
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4 5 6 1 8 

2 0028 21653 21702 1 1158 1 0753 

2 0079 2 1128 1 1113 11717 1 0139 

2 2014 2 1270 2 1460 1 0922 1 0191 

2 0879 2 0568 1 0510 10431 2 0147 

2 1553 2 0614 2 0478 1 0006 1 0054 

1 0875 10522 20701 2 1896 1 0194 

1 0237; 1 0501 10887 2 0299 1 0649 

2 0961 2 1330 1 1003 2 0147 2 0639 

2 0315 2 0390 2 0727 2 1566 1 2273 

1 0551 1 0134 20553 21768 1 2414 
10336 11171 2 0339 2 1583 1 0818 

2 1740 2 0392 1 0754 1 0362 2 0079 
2 0161 2 0083 2 0404 2 0468 2 0202 
2 1817 21483 20998 1 0412 2 1280 
2 0410 21397 1 0528 1 1432 1 0659 
10261 2 0424 20890 1 0329 2 0915 
2 0768 1 0453 2 0333 1 0901 1 0995 
10442 2 1055 2 0395 2 1933 2 1972 
2 0775 2 1074 2 0312 2 0694 1 1466 
2 0542 2 1478 1 1563 2 0522 21471 
10750 2 1387 1 0020 1 0089 2 0388 
2 0114 10979 11198 11223 2 1089 
1 0212 10468 11741 2211 11176 
1 0286 10294 2 1430 1 0613 11752 
10506 10410 12028 11244 1 1392 
10796 1 1302 2 0181 2 1871 1 0680 
1 0399 21171 2055; 12086 2 0329 
ә 0678 2 1603 1 0427 11187 1 1050 
11487; 1 0225 1 0519 20217 2 0992 
? 0440 23062 11202 20322 2 0765 
20443 2 0217 21702 2 0424 1 0335 
1 0784 21134 20692 1031 1 0043 
11100 21771 11215 12064 1 0397 
2 0053 10998 11361 20947 1 0332 
ә 0191 20841 1 0349 21148 1 0947 
10700 2 1216 2 1000 1 1140 21003 
ә 0345 2 0124 1 1422 1 0650 1 1847 
11006 10868 2 0940 2 0827 1 0866 
11317 10415 11143 1 0346 2 0894 
2 1146 20469 2 0582 20399 2 0317 
2 1499 1 0336 12183 2 0426 1 0470 
10292 2 1462 1 1073 1 0261 2 1494 
2 0009 1 0249 10601 1 2462 1 0289 
2 1004 20319 11428 2 2052 2 0226 
2 0789 1 0257 11466 20702 2 0325 
ә 0259 11562 1 1574 2 0107 1 0939 
2 0872 1 1836 20906 1 0466 2 0803 
1 0586 1 0296 1 1423 1 0840 2 0595 
1 1524 2 0602 1 2727 1 0587 21297 
ә 1040 2 0365 2 0187 2 0137 2 0165 


" of five figures stands for the ‘+’ sign and the 
listed as above have a standard deviation of 1000. 
s to be placed after the first digit. 
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RANDOM NORMAL DEVIATES BASED ON TIPPETT'S RANDOM SAMPLING NUMBERS 
PLATE No. 18 


EN eus — JEMEN 
M col. 
ae ii 2 3 4 5 6 7 8 
no. Ы еы а — 
1 1 0479 2 2 0947 iy 2 1030 2 0537 2 0929 
2 1 0511 I 1 1245 2 1 0161 2 0833 22848 
13315 2 0871 1 2014 2 11532 2 1828 20376 
10831 2329] 11793 21905 2 10291] 20798 2 0747 
5 2 1470 1 1136 1 0966 2 0373 1 2 1920 1 1865 1 1687 
2 1413 10107 2 0673 2016 1 2 0586 1 0565 1 0751 
20518 1 0920 2 1532 20301 2 2 1847 21483 2 0481 
1 0289 2 0058 1 0673 2 0686 1 2 0278 2 0219 2 0992 
1 0979 2 1562 1 1061 ] 0385 1 2 0460 2 0777 2 0210 
10 2 2678 1 0539 2 0890 2 0010 1 2 0485 1 0019 2 1793 
2 1069 1 1261 1 1518 1 0400 1 0827 10475 1 1320 1 0254 
1 1584 2 0785 1 0078 2 0296 1 0635 11542 1 090; 1 0102 
1 0496 1 0350 2 0209 1 0483 2 1416 10545 2 1231 2 0935 
1 0167 2 1128 1 1009 2 0367 2 0612 1 0645 2 0345 1 0041 
15 2 0322 10319 1 0415 2 0880 10520 2 0886 1 0831 1 0172 
2 1516 10413 20295 10023 2 0856 1 0970 1 0510 1 0475 
2 1737 11840 10171 11557 10490 2 0073 2 0657 2 1285 
2 0287 21974 2 0358 1 0432 ә 0432 1 0323 2 0689 2 1132 
1 0660 1 1460 1 0174 2 1296 1 1066 1 0185 1 0753 1 0027 
20 20387 2 1444 2 07277 10949 2 0714 11495 2 0129 2 0592 
21011 10630 10278 2 0433 11543 2 1211 10210 1 1276 
2 0469 1 1136 10382 10321 1 0327 1 1112 21536 21725 
2 0285 1 0583 1 0968 2 0042 1 1776 10854 2 0275 2 0091 
2 0768 2 0071. 20231 2 0085 1 0607 20694 1 0828 2 0880 
25 20739 21225 11255 10313 2 0990 1 1674 1 0055 1 1174 
1 0342 2 0007 1 1386 22257 1 0630 1 0777 р ә 0065 
2 0248 — 20492 12495 20047 11780 1 0907 1 0613 2 MOT 
2 0601 — 21231 10271 11768 2 0379 20125 2 0809 2 0783 
10408 1 0468 11261 10137 22149 1 0187 2 0837 2 1219 
30 10198 21767 21752 1068 2 1389 20199 2 1890 2 0746 
2 2301 10994 2 2084 10293 21903 9 )085 
2 0224 11589 2 0026 10573 10494 2 0736 1 0299 » 1458 
1 0815 1 08680 1269 1141 2 0056 2071 1 0302 2 0614 
„ 320980 10023 20633 2185 1 0613 2102 1 1284 2 1378 
БОСОО - T0937 20607 LITO Sio ugs 10767 
1 0027 20218 20552 1 0061 1 2 4 Se 1 
2 0440 1019 21065 21193 1 9044 2 0000 : 1 1 9747 
1.0840 — 21537 20888 21008 20082 1 0972 2 088) 1 1091 
205 2190 20085 DI 10v 21018 205 1080 
4) 2108 11104 1007 2024 11888 2 0016 2 0386 2 0434 
oe IT. 208I. LOSS (S055 Чуу ооо 1 1201 
1 0768 2 0977 1 0957 20200 2 0891 1 0838 2 0945 9 1318 
3099 10414 2095 2 0018. TTI) 296s 5 ови 20268 
1 1025 20105 21194 12782 11822 2 2026 2 А 1 0391 
45 2 006 2 1236 20014 2070 1095 20600 2 9920 2 0889 
2 0383 2 0265 10026 2011 20416 ^ 241 
2 0607 1 1619 2 0225 11913 1 0676 2 M i on 1 2040 
1 0878 2 1457 22911 2 1505 2 0925 20101 1 0915 2 008 
20241 1116 1095 — 10547 1 0489 11788 3035 2 1459 
50 20894 20476 20467 21063 10% 1075 1 3353 20669 


The figure *1" at the beginning of each group of ave fi 


To obtain deviates with unit s.d. a decimal point has to be placed after the first digit 
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uf М h gures stands for the ‘+.’ sign and the 

figure “2”, for the — sign. The normal deviates listed as above have a standard E of 1000. 
7 
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TABLES OF RANDOM NORMAL DEVIATES 


RANDOM NORMAL DEVIATES BASED ON TIPPETT'S RANDOM SAMPLING NUMBERS 


PrarE No. 19 
— . . ß — ———ü—ö .öͤ ' — ———————— 


col. 
TOWN, no. 1 2 3 4 5 6 7 8 
no. 
11596 11231 2 0002 2 2 0747 2 0346 2 0528 2 0775 
10512 1 1283 1 0051 2 1 0886 1 2248 1 0292 1 0815 
1 1289 1 0464 1 0192 2 0757 10231 1 1692 2 0764 11110 
| 0648 2 0800 2 1074 1 0409 2 0436 2 0140 1 0086 1 1807 
5 ? 1546 10244 21199 2 0875 2 0424 2 0663 2 0869 2 0061 
2 1847 20061 10374 20195 11704 2 1016 1 0200 1 0857 
21415 10462 1003 1 2374 10904 2 0375 1 0682 1 0759 
10508 2 2066 — 1 1569 2 0664 1 1516 1 0575 1 1990 1 0409 
1 0320 1 0158 1094 1 0011 2 0766 1 0543 2 0955 2 0741 
10 2 0424 1 0709 1 0802 1 0186 10091 11474 1 1500 2 1372 
21410 10771] 20672 1 1402 20955 2 0393 1 1072 1 0286 
20188 2 0808 1 0051 2 0526 2 1560 1 1480 1 0584 1 0568 
10204 1 0479 2 1885 11016 2 0000 1 1958 20249 20118 
А 1 0162 10163 2 0380 2 0245 2 0686 2 0630 1 0621 2 0057 
15 2 1068 12113 1 0651 J 0064 2 0282 11183 2 1009 1 1861 
2 0810 10195 2 1366 1 0099 2 0322 1 0784 2 0929 2 0251 
12462 2 0423 2 0696 2 0746 1 0005 10959 1 1117 2 0559 
2 0706 2 0769 2 0128 1 0474 2 1214 1 0162. 1 0560 1 1603 
5 2 1211 1 1194 2 0631 1 1594 ] 0661 1 0489 2 1680 2 1466 
20 ? 0651 10154 2 1058 1 0603 2 16328 2 0781 1 0864 2 0397 
1 2 0082 2 0083 2 1390 1 0302 2 0439 2 1655 1 1631 
2 0555 2 1391 1 0253 2 0333 2 0031 11571 2 0463 1 1669 
2 0895 1 0002 2 0203 2 2294 11790 1 0740 2 0315 2 2319 
Bis 20112 11188 2 0019 2 0081 11057 1 0065 1 0605 2 0684 
е5 2011 10407 10998 1 0645 10757 21108 21547 207% 
1 0621 2 0296 2 1881 ] 1579 2 0313 1 1744 1 0740 1 0338 
1 1502 2 1629 2 0183 ә 0030 2 0462 1 0799 2 0296 1 2084 
1008 1 1160 2 1073 1 0027 2 0256 20864 11192 1 0773 
30 1 0522 1 0069 1 0964 2 2064 1 0627 2205 11337 2 0925 
à 1 0385 2 0062 2 1468 1 0614 2 0634 2 1003 2 0643 1 0071 
2 0263 2 04: 0476 2 0025 1 1404 1 0208 2 0087 1 0469 
10845 1 cd | 1151 1 0504 1 0622 2 0234 22079 10399 
2 0186 1 6066! 2 0191 1 1022 2 1237 2 2706 2 1291 2 0451 
35 1 0856 2 0755 1 0398 1 0301 1 0252 1 1882 2 0528 2 0104 
" 22214 11362 1 0698 0000 20708 1 0822 1 0603 1 0550 
1 1247 56 007 2 2387 2 1650 1 0617 1 0706 2 0166 
11501 2 0258 1 0577 тош 1299 1089 2135 1114 
2 1048 1 0375 2 1840 2 0555 1 0209 2 0285 2 0813 1 0335 
40 1 1078 1 0634 1 0652 2 0725 1 0766 2 0521 2 0494 1 0444 
10004 9 1294 ә 1748 1 1067 2 0231 2 0551 1 0395 1 0925 
l0355 215 2315 0575 2 0760 2 0260 2 1478 1 0879 
2 0353 : 1 5 ; 9808 | 1563 22277 1 0890 2 0489 2 0610 
2 0434 1 0824 1 0490 1 0385 12144 2 1131 1062 21125 
45 2 0067 2 1463 2 0319 1 0389 1 0928 2 0487 2 0152 ] 0254 
1 1351 2 1566 11812 2 1545 11444 2 1992 1 0087 1 1560 
2 0795 ә 1025 1 0554 1 0314 20681 10134 2 1306 
2 1442 n pe 2 0025 10216 1 0938 1 0212 2 0376 2 0514 
10572 2 2245 2 1734 1 1070 1 0806 1 0275 2 0513 11118 
50 2 1267 2 0247 2 2495 2 0241 2 0080 2 0415 1 0966 2 0459 
2 0239 21449 1 0217 2 0660 2 0133 1 0239 1 0299 2 0546 


figure «The figure cq m ihe: be; um of Sach group of five figures stands for the ‘+’ sign and the 
9 obtain for the *— sign The normal deviates listed as above have a standard deviation of 1000. 
am deviates with unit s.d. a decimal point has to be placed after the first digit. 
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Vor. 20] SANKHYA : THE INDIAN JOURNAL OF STATISTICS [ Parrs 3 & 4 
RANDOM NORMAL DEVIATES BASED ON TIPPETT'S RANDOM SAMPLING NUMBERS 


row, no. 1 2 3 4 5 6 7 8 
no. E ees — 2 
11289 2010 TOLÎ 1 0613 10218 20112 ә 2576 
2 1076 1 0339 2 0102 20320 11516 1 0724 2 2217 
10729 21972 21075 1 0529 10658 2 0831 1 0297 
2 0075 2 0112 1 0396 2 0676 1 0669 10046 2 0146 
5 11990 20432 20159 2 0752 21878 29957 9 0410 
1 0392 10358 2 0036 1 0781 20408 11910 2 0826 
2 0744 22468 20804 2 0942 20519 20830 2 0760 
2 0876 10890 1 0023 2 1807 2 0077 10468 2 0982 
1 0090 2 0886 2 0412 1 0367 11800 11125 1 1171 
10 2 1811 20588 2 0165 1 0815 11536 1 0523 1 1241 
2 18906 2 1206 2 0698 1 05871 2 0088 2 0642 21016 
1 1967 1 1869 1 0262 2 0656 1 0406 1 1940 2 1384 
1 0148 2 0596 2 0336 2 0308 2 9155 1 1063 1 0158 
1 0806 1 0243 . 2 1834 20898 10873 1 1430 т 0837 
15 2 0604 2 1817 1 0005 2 1847 1 0606 l 1147 1 1205 
2 0131 11578 20792 20516 9: 2 0522 2 9394 9 0889 
2 0360 1 0843 1 0345 2 1905 13 2 0489 1 1308 1 0959 
10076 1 0824 1 0598 1 1413 : 2 1458 1 045] 1 0292 
1 0104 10254 2 0077 9 0455 50: 10242 | 0091 2 0483 
20 10324 1 0177 20096 2 0071 0‹ 2 0354 11320 2 1726 
2 0255 1 0132 11700 1 0702 54: 2 1673 10071 2 1323 
10399 107997 2019] 22073 2 1452 1 0127 11235 20842 
2 0107 ә 0004 1 0409 1 1369 10020 9 0848 2 0007 1 1658 
30548 11090 2 2078 1 0057 1 1264 1 0073 1 0117 2 0919 
95 1 1266 1 0284 1 0165 l 0373 1 0458 12192 2 0302 ә 0084 
2 0758 — 10651 2 0560 22099 2132 1 0270 2 0718 1 1241 
20816 2 0216 1 1003 1 0314 1 0855 2 1827 2 1367 2 0037 
10517 2 0838 2 0638 2 0013 1 1572 2 0230 2 0301 1 1982 
3 2180 1 1283 2 1433 9 0997 1 0727 2 0489 1 1560 2 1394 
30 — 20453 11098 21586 2 0270 2 0076 1 0270 10049 1 0268 
10204 2 0226 20972 1 0645 2 0424 1 1927 1 0045 2 0172 
10050 10210 1 0567 1 1523 1 0509 1 0089 2 1099 1 0765 
2 2257 10900 21025 2 0075 21695 1 0841 2 0473 10171 
2 1161 10832 20909 1 0728 206013 10683 1 0438 2 1887 
35 1 is 1 E 10055 2 0093 1 0373 11192 1 06558 21872 
10 2 00: 2 0263 21061 21302 10 2 125 
0084 . 1009. 309). 1 903 10122 9 0204 2 rte 1 0421 
9 9 
1 1162 2 0801 21639 21283 10327 2 0349 1 0676 2 0212 
2 0121 2 0806 — 1 0005 1 024 2 0362 20861 | 0025 1 0461 
2 1 
E ies ium ima ima SS lom 105 
wo 2 12 2 1528 1 0817 1 516 
1 0875 1 0831 2 0804 1 1170 21014 1 1999 i Lye : 0088 
1 1435 — 11435 20405 10519 20711 1 0306 1 0020 2 0686 
2 0725 21632 1 0729 21788 2107 1 0784 2 0608 2 0776 
45 2 0620 10459 11042 1 2054 2 0376 1 0373 1 0919 1 0026 
І 0488 2 2346 10722 200384 2 0144 5 221 
2 1666 2 0188 1 1468 1 0374 2 0158 2 1950 à 0000 0795 
1 08828 20008 тош M mM 1 0328 2043 1113 
2 0800 2 1941 1 0677 1 0885 1084 2 0754 2 0164 1 1434 
50 22457 12073 2 0541 1 0325 20694 1 1394 1 1075 1 0730 
The figure “1” at the beginning of each Е B 


figure “2”, for the ‘—’ sign. The normal deviates listed as 


nds for the *--* sign and the 
To obtain deviates with unit s.d. a decimal point has to be 


ve а standard deviation of 1000. 
10 first digit, 
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RANDOM NORMAL DEVIATES BASED ON TIPPETT’S RANDOM SAMPLI 


© 


20 


30 


10 


1 0003 
0684 
0979 
1073 
0009 
0119 
0150 
0622 
0078 
0439 
0620 
0833 
0326 
1486 
0669 
2543 
0496 
0543 
0309 
0662 
1469 
1960 
0191 
1120 
0155 
0199 
1945 
1188 
0763 
0615 


32957 


221 
0367 
0188 
0268 
0010 
0267 
1914 
0127 
0164 
1250 
0067 
0592 
0445 
0001 
0861 
2229 
1562 
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TABLES OF RANDOM NORMAL DEVIATES 


0501 
1178 
1071 
0793 
0702 
1332 
1184 
0977 
0230 
0527 
0797 
0085 
0076 
1539 
1154 
0254 
0346 
0519 
0451 
0245 
0372 
1100 
0048 
0271 
1466 
1315 
0957 
0347 
0152 
0819 
1078 
0875 
1041 
0801 
0562 
0091 
0264 
0044. 
0067 
0407 
0214 
0874 
0246 
0299 
0045 
0915 
0262 
0515 
0823 
0438 


sign 
sign. 
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1 — 1 — 8 о — 12 نا‎ 12 eee ш 


2 — سانا‎ о ——— 5 meme e bom = 7 


jami m —— bo M bob 


0926 
0090 
0990 
0498 
1594 
0723 
0681 
0043 
1301 
0558 
1230 
0699 
1803 
0425 
0334 
0669 
0523 
0223 
1071 
0567 
0272 
0444 
0894 
0138 
0352 
1626 
0516 
1591 
0143 
0099 
0790 
0282 
1001 
0931 
0456 
0554 
0987 
0503 
0821 
1469 
0289 
0484 
0231 
0090 
0224 
0559 
2968 
1295 
0322 
1016 


Wer Ss 00 Во Во Вр Бо e bom bom bo 


URW ieee Be pen — 12 —— — — 


O= 1212 este 


0658 
1745 
0085 
0107 
1091 
0508 
0401 
0389 
1550 
1304 
0419 
1589 
0972 
0421 
0584 
0418 
0225 
1736 
0782 
1238 
0395 
0007 
1677 
0847 
0848 
2023 
0408 
1016 
0658 
0306 
0685 
0302 
0313 
0165 
1315 
0948 
0463 
0392 
1048 
0676 
1013 
0018 
1460 
1812 
1059 
1471 


2706 
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0907 
0589 
1887 
0430 
0889 
0867 
0508 
0586 
0085 
0274 
0961 
0023 
0900 
0894 
1332 
1716 
1003 
0582 
3291 
0227 
0657 
1120 
0871 
1421 
0856 
0125 
0406 
0631 
1033 
0532 
1343 
0410 
1706 
0668 
0740 
0535 
1203 
0690 
0809 
0802 
0546 
2001 
0119 
0277 
0947 
0664. 
0866 
0630 
2001 
0056 


М ——— Во М Бо а 


= ee коро Во — e N e Wee —— 1 —— 1 
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0623 

1558 
0249 
0297 
1423 
1532 
1285 
0468 
0319 
0348 
0717 

0169 
0192 
0920 
0242 
0707 
0344 
0181 
0075 
0070 
0136 
0077 
0381 

0833 
0611 
0421 
0264 
1309 
0011 

1187 
0607 
0193 
1194 
0187 
0630 
1979 
0771 

0865 
0177 
0296 
0344 
1019 
0102 
0404. 
1061 

1281 
0839 
0539 
0419 
0818 


М Мо — Во Во NNN REN ENN eee pol pn 


at the beginning of each group of five figures stands for the +17 
H Tho normal deviates listed as above have a standard devia 
?Viates with unit s.d. a decimal point has to be placed after the first digit. 


Ree Nee bob — — e ке OVINO BEN NNN bobo ie 


0030 
0048 
1861 
0257 
1958 
0265 
1689 
1336 
1714 
1662 
2137 
1320 
1862 
1176 
0920 
1367 
2137 
1489 
1056 
1307 
1863 
0583 
0678 
2556 
0563 
0349 
0574 
0628 
2032 
0011 
1410 
0230 
0521 
0110 
0015 
0772 
0524 
0825 
1261 
1408 
2071 
2175 
0249 
0072 
1070 
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2 0851 
2 0290 
1 0077 
2 0940 
0398 
0929 
0702 
1019 
0873 
0240 
0687 
0170 
1766 
0280 
0674 
0800 
0479 
1 0510 
0507 
0092 
3432 
0432 
1292 
0645 
0828 
0454 
0458 
0161 
0263 
1029 
0293 
0654 
0960 
2452 
0411 
2 0445 
2 1977 
1 0314 
l 0553 
2 0794 
2 0254 
l 0365 
1 0199 
1 2353 
2 0694 
1 1191 
1 2095 
2 0843 
1 0625 
2 2770 
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PLATE No. 22 


ү 


со]. 
row no. 1 9 3 4 a 
no. ^ E a LU 5 6 7 8 
1 0800 1 1039 1 0424 2 0121 1 0923 "S 
1 0771 — 10336 — 1 1313 — 1 0622 i 0923 21108 21336 114% 
1 0379 1 15334 1 0773 1 0121 2 0376 1 1057 1 0886 2 0107 
ie O аль luno" 10068 90 
5 10191 10219 2 1567 10494 21661 1 0500 2 1089 1 0035 
1 0391 10342 23084 2119) 1 95 2 0992 2 1120 2 1067 
2 0189 10093 1 0285 13077 2 100 1094 11486 2 0728 
11785 121833 1 177 20805 ^ 04 20457 2040 1144 
2 0238 — 2 0975 0650 -2 0238 1043 2 1820 1 0045 . 1 1037 
10 10235 20277. 12280 20347 20 1 0160 20199 . 2 0813 
2 1077- 21366 21334 2 0671 1 208 то. г 
2 0239 2 0131 1 1259 11186 1 1955 1 1370 2 2056 2 1475 
21287 20180 1 0353 2 0831 1 0998 2 0964 1 2346 1 1418 
. 10580 20474 11211 1 0238 11136 20212 20518 1 1039 
15 1 0307 1 0069 10016 2090 1 0892 2 0584 2 2044 1 0822 
2040 1102 11476 1 1351 0282 2 1383 т 0597 20271 
10872 . 10498 2 1683 10109 1 0037 2088] 2 9630 1205 
12071 2029 1141 — 271349 10037 — 10550 20445 104% 
2 0635 2 0287 20732 ТЦ 2 2241 1 0684 2 0051 
n E ЭД; 1 1011 2 0920 20083 1 1619 2 1501 
0610 2 0057 21000 2 0126 5 Fas 11995 21557 2 1688 
Bins pu "omo * хом» 2 0082 20715 э 0733 2 1618 
100: 290268 „ 0104 + 10996 1 876 2 1189 1 0978 1 0658 
ООШ А ЖОО. 20, 1 020 1 000% „ П "оош 11488 
4 e 398 2 0100 1 005 „ 0053. 21122 1 0422 1 0912 
10219 2103 1102 | ia 20600 21505 1 1333 10604 
ides" 2 0080. 10498. FI onis 11436 2 1368 2 0508 1 0437 
1074 1181 20511 2 1672 2 0050 2 0868 2095 109 
30 2 0006 1 0333 1010 21285 2 0960 1 0012 1 0274 ] 0665 
1 0247 20429 20397 10909 2 059 1103 э 1257 2 0093 
з 9955 1 0810 1 0487 | 325 2 0597 10036 20054 2 0846 
25€ 9 9507 р 2 18 D © " 
Beo! "Lour 10099 200 2 1818 20083 10458 1 0867 
2 017 0475 т 0269 10087 2 126 1042 1041 2 0227 
38 X 9 Glee Т 0582 2019 1 0213 1 1266 1 0010 2 0144 1 1226 
Mss O 2/0285 NOES ш 0488 11058 10479 1 0029 
2 0724 2 0188 11986 ` 1 1812 31 11170 1065] 2 0275 
| DANS RU MAE 1432 11001 1047 10054 2 1206 
12414 2002 ‚10539 2 0033 1 1654 2 0667 2 2387 21050 
"EC 4E 200280. 1.0027 1 0637 1 0550 2 0275 2 0857 
958 1051 10980 1073 1 005 1179 2 0717 2 0928 
Тр O" той, одобе 052 — 10049 т 0364 1 0552 
Pom а iu 20r ^ вин 2 0336 1089 11x98 2195 
ә 0999 zi 2 0318 505 5 ak 10 n 1 1529 
. 2032 1008 2 0831 PM т т DIAS 11 0 
% 21752 190 10283 2080 f 0016 209 т 0825 2 0614 
2 0881 2 0865 21158 2 0850 2 0% 1100 1 1141 1 0215 
2 0263 2 117] 2 0062 5 59 2 045] 1 0955 3l 
| 0822 9q ded 2 0777 21 . 258 ә 9404 2 145 
1 1891 1138 2 0975 2 1158 
% nnd tte 204 LIN T 195 1104 20520 108 
m RC edis иа кт 1 0586 1 0024 2 0716 
The figure ıt the beginning of each group of [m s _1 1821 2 0516 2 070! 
gures sta TIN ai 


nds for the ‘+° sign and the 
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RANDOM NORMAL DEVIATES BASED ON TIPPETT'S RANDOM SAMPLING NUMBERS 


Pra4vE No. 23 


S col. 


TOWN, no, 
no. 

1 

2 

3 

I 

5 1 

1 

2 

1 

2 

10 2 

3 

2 

1 

2 

15 2 

1 

3 

2 

2 

20 1 

1 

2 

2 

2 

25 1 

2 

2 

l 

30 ^ 

2 

1 

1 

2 

35 1 

9 

9 

1 

9 

30 i 

1 

1 

1 

а 

2 

3 

2 

T^ © 

50 © 
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1 


0633 
0534 
0119 
1410 
0054 


0310 
2989 
0300 
0418 
0218 
0472 
0114 
1460 
0673 
0197 
0122 
0803 
0320 
1584 
0937 
0347 
0475 
0145 
0342 
0296 
0863 
0636 
0308 
0756 
1096 
0282 
0784 
1034 
0455 
0684 
0494. 
0278 
0367 


N 
= 
© 
a 


1276 
0737 
0389 
0462 
1024 
0597 
1032 
0233 
0010 
0100 
0276 
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— sign. 


2 


0280 
2284 
1421 
0112 
1782 
0508 
0220 
1423 
0839 
2214 
2189 
0584 
0881 
0005 
1434 
0347 
2878 
0207 
1821 
1411 
0188 
1970 
0783 
0207 
1040 
0614 
1614 
1202 
1941 
0258 
0476 
0534 
0244 
1204 
1126 
1143 
0865 
1566 
1195 
0475 
1079 
0638 
0513 
0297 
0868 
0070 
1477 
1119 
0595 
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0289 
0129 
0945 
0326 
0774 
0871 
1587 
0738 
0454 
0247 
0075 
1073 
0442 
0452 
0769 
0658 
2183 
0604 
0746 
0823 

243 
0563 
0156 
0429 
0431 


0061 
1504 
0756 
1352 
2209 
1376 
0359 
0340 
1815 
0252 
0154 
0048 
0206 
1291 
1631 
0135 
0996 
1652 
0305 
0752 
0429 
0885 
0202 
0445 
0063 
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1340 
0110 
0821 
0444 
0420 
1353 
0257 
1398 
1789 
2081 
0791 
0632 
0529 
0454 
0506 
1407 
1385 
0077 
2178 
1214 
0255 
0652 
0397 
0229 
1962 
0084. 
0256 
0807 
0850 
0655 
0803 
2457 
1262 
0448 
0611 


1213 
0281 
0434. 
0055 
0880 
0494 
0410 
0143 
0809 
1423 
0524 
2226 
1530 
0644 
0022 
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1030 
0213 
0035 
0846 
1161 
1114 
0490 
1383 
0384 
1288 
0480 
0669 
0441 
0607 
0240 
0142 
1335 
0152 
1960 
0929 
1879 
0864 
0304 
1004 
0248 
0298 
0566 
0064 
1725 
1824 
0177 
1073 
0127 
0419 
0795 


0098 
0047 
2400 
0965 
0273 
0276 
0304 
0008 
0055 
2223 
0385 
0838 
0384. 
0328 
0215 
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1366 
204 
1076 
0938 
1314 
0038 
0150 
1379 
0878 
1255 
1577 
0601 
0334 
1894 
0510 
0847 
0732 
2217 
0973 
1137 
0087 
1678 
0030 
1031 
1266 
1849 
0371 
0492 
1203 
0254 
0383 
0036 
0206 
0209 
1501 
0238 
0447 
0006 
0340 
0531 
0882 
1178 
0922 
2206 
0565 
0185 
0640 
1283 
0142 
0646 


Т 


0013 
1150 
0333 
0204 
1460 
0043 
0630 
1189 
0819 
1238 
0916 
0178 
0393 
2 1762 
1 0079 
2 0422 
1 0908 
1 1428 
1 0319 
2 0956 
1 0064 
2 1409 
2 1006 
1 1694 
1 0103 
1 1614 
2 0005 
2 1861 
1 1719 
1 0747 
2 1706 
2 2506 
1 0189 
2 
1 
1 
1 
1 
1 
2 
1 
2 
1 
2 
3 
2 
2 
9 
1 
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0600 
0360 
0394 
0716 
0002 
0496 
2 0953 
2162 
2 1105 
1544 
1378 


0990 - 
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0436 
0621 
0408 
0082 
0772 
0499 
1211 
0140 
1154 
0734 
0402 
1363 
0175 
0051 
1605 
0543 
0139 
0808 
0144 
1027 
1465 
1101 
0712 
0302 
0493 
0516 
0516 
1281 
0508 
0084 
0510 
0396 
1875 
2075 
0961 
1594 
0257 
0609 
1454 
0910 
0448 
1059 
0628 
1784 
0713 
1305 
0582 
0307 
0635 
0229 
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PLATE No. 24 


— — Ü —— 


row no. 1 2 Е = 
m a : s 5 6 1 8 
2 1957 1 0382 2 0868 P UMETT UT EE ET — 
1 0 2 0% 2088 bore 2 lasg 104 18097 1008 
10043 2 0864 11735 10823 2 0500 2037 20571 1 0962 
2 1840 2 0249 1 0883 1 1306 2 3 1 0316 1 0476 1 1349 
5 20805 20388 20532 10070 1135 5 1855 To NE 955 
1 0361 2 0773 2 1772 0 ws ‘ 2 р 2 2084 2 0752 
2 0058 2078] 1 1997 ; DEP" 0835 2 0004 1 0624 2 105 
2.0474 1118] 11100 10567 1 0092 206 20108 iom 
20206 21417 22576 1008 50002 2 1% 10653 1104 
10 2 0590 21022 20651 1 0357 2 0016 21770 2 1680 11282 
TOT aLam. Loms ie x. 200971 эж 21% 
20085 2 010% 10112 2 0025 2095 21475 2 0875 1 0476 
1 0443 2 0554 1 0756 1 ES à 0084 1 0293 1 0104 2 0565 
10239 10750 20998 1 1785 2 0196 1 1413 1 1695 10114 
15 21026 1 0331 1 0726 1 0185 5 0% 10007 1 0607 20575 
1 2251 2 0730 1 0444 i 8 2 0021 l 0234 2 0912 ] 1480 
2 0201 2080 10985 10699 2 00% 20757 20000 2 0880 
10320 10545 1 0636 1 0363 1 0600 2009 20798 22512 
„ 20081 11356 11335 топ; 1 0005 1134 2 0070 20589 
20 2 0952 1019] 2 0191 1 1977 1 0425 2 0274 1 0149 1 1927 
1 1848 2 0088 2 0184 1 0862 1203 10184 1 0969 2 0795 
1 0607 10562 21184 2 0207 0% 10030 1 0408 1 0437 
11631 2 2084 21349 20402 1 0938 2033; т 0307 2 1010 
О Toras 1048 2 1% 2 0% 11632 911 2 1028 
2 1175 21787 10380 1 1760 1 0039 2 1945 2 0008 ] 1125 
210600 20070 20150 10175 1200 11618 2 0066 2 0649 
21780 10986 1 3121 5 21259 10190 1 2048 2 0017 
1 1592 | 003% è 1 0086 109: E 20 2 001 
ue 0039 2 1986 ү 1745 0933 10588 1 0584 2 0156 
30 2055 2187 1121 2 113 20097 10792 2018 10209 
0007 21684 10108 1 0759 | 0086 20047 2 2200 2 1193 
2 0322 1 0003 2 0428 20 99 1284 2 0145 1 1131 2 0730 | 
У 155 21412 2 0918 1 2290 1 0827 2 0080 1 0500 1 0991 | 
2o. 10122 Тоз ops 3 1134 10300 2 0233 2 1120 
35 2 19 5 2 0094 2 1055 2 0542 7 1680 2 1100 2 0948 1 0174 
35 0257 2153 2 0191 0000 10062 1108 2 0712 1 1656 
2 1317 1 0544 2 1098 ә ) 20641 2 1967 1 1741 1 9801 
2 0356 2 0254 2 0092 3 0047 20450 1074 2 0202 
1 0002 2058 % 10000 1059 1089 2050 201 
а 2004 255. 2 02287 2 1204 | P 1102 10487 1 7209 
ү 2 р S 525 2 25 5 
20148 2 0594 20555 1 1 2 0054 1 0937 1 Lo i 0249 
11496 1 1330 2 1970 1097 10782 2 mang — 91912 
10745 20789 2 131 1 064 30584 1 0486 ^ Я 1460 
1 0528 1 1584 2 0777 a 2 ота 51 1 
45 20262 2 0527 10148 | 0017 2 0198 des 100868 Т 0820 
10371 11009 20390 | 130 2 0502 22661 2 0820 2 0468 
2 0073 2 0403 2 0014 O ODO ee 2 1322 
20027 2 14 214 10152 100) 1 1085 214 2 1403 
[r 2 BET 354 212 9828 2 0393 2 25; 
s lu» % 240 PU т 121 20717 2048 2 0382 
m SO СЕ Ä тло 100 TUMO 2 0542 
The figure “1” at the beginning of each mee FI 5 2 0348 1 1030 2 1492 
ive = 


figure “2”, for the ‘—’ sign. The normal devi 1 fe mS == 
To obtain deviates with unit s.d. a dena pee et as abies ени fpr the “$ sign am m 
s to be placed andard deviation o 


after the first digit. 
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TABLES OF RANDOM NORMAL DEVIATES 


TIPPETT'S RANDOM SAMPLING NUMBERS 


РгАтк No. 25 
со]. 
DN 


no. Í 2 3 4 5 6 7 8 
no, 
2 0055 2 0349 11566 2 0999 1 0065 2 0763 1 0600 1 0694 
l 1123 10134 10192 113533 2 0292 1013 2 0756 2 1183 
10414 10532 10139 20525 9069 2 0732 21826 2 0103 
С. 2 0466 1167 1 0877 21784 10786 2 1906 2 0129 1 1394 
5 ? 1017 2 0476 — 10606 10199 2 0409 5 1404 1 1869 1 0138 
2 1376 2 0133 2 1042 1 0173 10904 20438 1 1359 
21900 2 0210 10733 2114 20071 2179 1 1721 
1 0365 1 0035 2 1655 2 0301 1 0953 1 0254 2 1369 
i 20752 — 11147 10456 1 0623 2 0995 2 0149 1 1356 
10129 11063 2 1288 19447 1 0529 2 1039 1 1132 
10402 10305 21121 11254 20107 2188] ә 0487 
1 1690 2 0861 11554 2 0374 1 0653 1 1245 2 0159 
2 0878 1 0085 2 0336 2 12001 2 03904 1 1122 1 0910 
M 2 1224 10325 20114 2 1721 1 0608 10824 1 1106 
2 2 0308 1 0734 10121 20496 2 0047 ә 0480 2 0517 
1 0214 1 1186 10137 20380 21430 20187 21185 
2 0274 — 2 0439 1 1338 1 0448 1 1063 1 0768 1 0431 
1 0174 1 0370 2 0550 2 0154 2 0479 2 0057 1 0868 
20 2 1894 2 0620 1 1198 1 1231 2 0499 1 09531 1 1792 
5 1 0618 2 2267 11048 1 0202 2 0074 1 0297 2 1002 2 0661 
l 0080 1 0436 2 2549 10148 1 0203 2 1184 2 0714 1 0587 
2 0355 21059 2 1326 2 0444 1 0225 2 0220 2 0208 1 0356 
2 0549 1 1218 10275 1 0729 1 0174 1 0354 2 0405 2 0014 
T ? 0591 2 0668 10496 11249 1 3011 1 0671 2 0985 1 0338 
=з 10352 1 0211 10170 21753 10974 20360 10874 2 1055 
20135 20612 20798 13719 2 0780 20985 2 0632 2 1546 
2 0266 2 0803 1 1626 2 0188 2 0174 ә 0375 1 1519 1 0748 
l 1155 1 0025 10203 11089 1 1076 10352 1 0264 1 0525 
30 2 0093 — 1 1184 20408 20471 10069 2 2036 1 1469 1 0054 
2 1911 10268 2 1110 20148 22095 1 1917 10240 ә 1083 
l 0223 2 0585 2 0600 2 0050 1 1236 1 0026 2 0093 1 0667 
1 0937 2 1031 2 0252 1 0047 2 0027 2 0143 2 1718 2 1989 
10990 2 3353 2 0700 1 1498 1 1815 2 0369 1 0208 1 1960 
35 l 1240 2 0537 21134 2 0081 2 0010 1 0091 10018 1 9040 
i 1 0566 1 1649 1 0864 1 0847 2 1890 1 0279 2 0108 2 0966 
1 0199 2 2644 1 0250 1 0814 1 1070 10418 2 0076 1 0700 
2 0084 т 0646 2 0074 2 0064 11149 10283 1 0291 1 0996 
~ 1246 20317 21167 21606 1 0648 2 0802 1 0534 2 0585 
40 2101754 ә 9104 10926 10496 2 0741 10460 2 0298 1 0487 
2 0780 2 0938 2 0663 2 0623 1 0877 1 0390 1 1008 2 9396 
11435 - 20313 1 1571 11882 2161 22597 20048 1 1272 
l 1183 1 0672 21957 10086 2 0042 10387 2 0985 2 0073 
| 0031 1 2957 20010 2 0330 2 0307 10075 1 1020 2 1809 
45 22077 20804 1 1246 21138 2056 2 0751 1 0139 1 0533 
6219 1 0024 1 0332 1 1027 1 1031 2 0873 1 0454 2 0109 
l 0803 1 1726 1 1052 20241 1 0093 1 0327 12462 1 0060 
20016 2 0462 2 0352 21400 2 0517 1 1309 2 0176 1 0327 
2 1041 1 0764 10634 1 02380 2 0573 2 0582 10957 9 1597 
50 2 1599 2 0625 11092 1 0981 20017 10748 10572 1 1760 
. —2 03976 | 0464 10013 10300 20599 1 0991 11935 2 1019 
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ct 


10 


15 


20 


bo 
хл 


30 


40 


ы 


2162 1 0539 


2 
1 0327 2 0913 
1 0688 2 0665 
1 0758 1 0108 
2 


2 0214 2 0285 


2 1430 l 1520 
2 0078 2 0344 
2 0239 2 1431 
1 0122 2 1426 
2 2241 1 1741 
1 0148 2 0613 
1 0828 2 0864 
1 1228 2 1602 
1 1335 2 0532 
1 0837 2 2220 
2 0620 1 0285 
2 0944 1 0091 
2 0073 1 0804 
1 0724 l 0207 
2 1037 2 0551 
2 3036 1 1045 
2 0223 1 0467 
2 0236 2 1999 
2 1571 1 0209 
2 1013 1 2366 
1 0638 1 0310 
2 0054 2 0229 
1 0797 1 0057 
2 0740 2 0500 
2 1367 1 1373 
1 3353 2 0548 
2 0075 2 0603 
1 0616 2 0225 
2 2948 1 0353 
2 0301 2 0099 
2 1442 10114 
2 0575 1 0489 
2 0535 2 0463 
2 1011 2 0523 
2 1401 2 0852 
2 0594 1 1829 
1 0216 2 1162 
2 2442 1 1009 
2 1858 1 0009 
2 0994 2 1818 
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Parn No. 26 


3 4 5 6 7 5 
0748 2 1099 2 0432 22989 1 0460 2 us 
0000 10446 20296 1 0518 1 We - 
1865 2 0530 2 2346 2 0629 1 095 1 
0034 1 0385 20218 1 0894 2 1890 2 0823 
0507 1 0708 1089 2 0107 2 0757: 1 e 
0633 11083 2 0819 21449 2 0511 2 таш 
1845 21902 1 0475 1 0780 1 0196 2 0619 
0377 2 0602 1 0021 2 0292 1 ANT - 
0589 — 20022 2 2501 2 1547 1 1469 20239 
0324 10792 1 0038 10583 21123 1 2 
0598 2 1687 2 2251 2 0070 20263 2 0599 
0254 2 0128 10124 2 0578 1 Wu 10 
0460 10995 2 1099 1 2484 1 10 
1821 20277 1023 1 0635 2 1286 | s 
118 11066 2075 2 0198 2 0365 20 : 
0163 — 20469 11039 2 0644 1 0392 2 11 
0080 11762 2 0112 21433 1 0932 1 1565 
0452 2 0673 21703 1085; 2 0949 2 
1068 2 0971 10569 1 0622 2 0194 1 б 
0304 10958 2 0076 1 0144 1 0703 1 152 
000 2000 2352 2o37 3145 104 
0144 — 10501 10532 20630 2 0362 118 5 
0300 2 0496 2 0016 2 0907 1 0492 1 
0768 2 0623 2 0576 21430 21455 2 Te 
0232 22678 1 1868 2 1986 20379 1 ooh 
0402 11337 10190 1 1671 1 0606 2 
0163 11293 1 0004 11152 2 1356 du 
0456 1 1014 20434 2 0097 2 0120 5 
ш en aimo SORD MI. 

849 21699 21112 s 
0276 21419 10977 2 0669 1 0238 1 1788 
0096 21100 10510 21042 2 1288 2 105 
0004 — 20300 10142 1 1039 2 0260 2 1050 
0% 10191 2 0033 1 2807 1 1128 21 5 
0254 1 1052 2 0385 21536 2 0679 2 b 
МАТ 21073, 2 0782 2 1021 1 0257 1 9078 
0553. 20241 20818 2 1165 2 1561 20 80 
i 1007. 210505 2 0801 1028 1 13 8 
Dui 18075. 203007 2019 2907 2 л 
ee ET О, Doom T0910 wo -2 1775 
0315 2 0749 2125 539 2 0 
1034 1 0589 2 0580 1 1730 20200 2 1107 
DI NEMPE. RES ту 1 o 
Та M E o11 
| M 2017 1 0137 1 1690 1 0780 

7 20989 1 0001 20239 2 
up UE О uus me 4 и 
VFL 0154 2900 
„) der 
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MISCELLANEOUS 


ON SAMPLING WITH AND WITHOUT REPLACEMENT 


By D. BASU 


Indian Statistical Institute, Calcutta 


SUMMARY. Certain aspeets of sampling with or without replacement, with equal or unequal 
probabilities, are considered here in some details. Some comparisons have been made between the with 
and without replacement sampling schemes. When we are sampling with replacement the estimate 
should not. depend on the number of times that any particular unit may appear in the sample. Thus, 
certain estimation procedures in current use are shown to be inefficient. 


1. INTRODUCTION 


Suppose a given population has N units. Let Y; be some real valued characteristic 
of the j-th population unit (j = 1, 2, .... N). Consider the problem of estimating the popu- 


lation mean 


Ү=ї У Ү,. 
Let gi m AS У (Zj—Yy 


be the population variance. 

If we draw a sample of size n from the population with equal probabilities and with 
replacement then the variance of the sample mean is 271 . If, on the other hand, we draw 
à sample of the same size n but this time without replacement then the variance of the sample 
mean is n-1 62(N—n)(N—1)-1. Thus, it is usually claimed that sampling without replace- 
ment is better as it leads to an estimator of Y with a smaller variance. A little reflection, 
however, will show that this comparison between the two methods of sampling is not 
usually quite fair, Let us take a simple example. Suppose the units are villages and Y; 
the number of households in the j-th village. Here the cost of selecting the sample villages 
from a given frame is negligible compared to the cost of travelling to the selected villages 
and ascertaining the exact number of households in the selected villages. Generally 
Speaking, we need only consider the cost of measuring the Y-characteristies of the selected 
units {ће small cost involved in selecting the units from a frame may be taken to be a part. 
s the large overhead cost. In sampling with replacement it is then the number v of 
1 8 units appearing in the sample (and not the sample size n) that roughly determines 

le eost, | i 


2. THE DISTRIBUTION OF v 


if v be the number of distinct units appearing in a sample of size n drawn with equal 
Probabilities and with replacements from a population with № units then it is clear that the 
distribution of y depends only on т and N. It is not difficult to show (Feller p. 92) that 


-n 


P(v—s-—N (Qi-—(6—1"--)(—2) . 
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where s runs from 1 to the smaller of n and N. 


In terms of the ‘differences of zeros’ we may write the above in the more elegant form 
-n 
Р(у = ѕ) = № (aor cs (221) 


E 
where A is the usual difference operator with unit increments and A* (* is to be inter- 
preted as A? a” at x = 0. 


From (2.1) we have the probability generating function of у as 
-n N Y -n 
Р) E N [revo] N ( 0", . (2.9) 
8-0 


(Note that A* 0" = 0 for s — 0 and s — n). 


Writing 1--£ for t in the probability generating 


function we have the factorial moment 
generating function of v as 


Ft) = N (EAO ... (23) 


where & = 1--A = the usual inerement operator with unit increments 


By) N d) 63A = N” qr (ax... 8¥) 0" y | — (Sg )] 


N 
(2.4) 
Also Ewv—1)— М  Qnags-:asga = y” NV DENN EN-2) on 
= NN T N—] \^ №9 a 
( 9 [1 (ar) (ees 
r, [N1 Y 2/N— 2n 
Viv) = N NI \"_ ye N= | ы 
()=1 ( x) № ( F "едр [ 35:2 y" ... (2.5) 


3. SAMPLING cost CONSIDERATIONS 


; If тш that the variable part of the cost of sampling is proportional to the 
inim Er 0 Че unite in the sample then we may compare the two methods of 
estimating Y, as described in $ 1, in the following manner, The expected sampling cost 


for a sample of size n with replacement is equal to the sampling cost for a sample of size 


pe N—1wa3. 
S = N | 1 7 ) | without replacement (let us convenient] 


is not necessarily an integer). The variances for the sam 
then n~ о? and (Ev) e*(N — Ey)(N —1)3 respectively. А 
the former is larger. Thus, from this comparison, samplin 
worse than sampling without replacement, 
heavily depends on the assumption of linearity Е 
satisfactory. For а different cost function sampli i Шао X UT 
better than sampling without replacement. 
perbaps more pertinent to the problem, 


Y forget the fact that Lv 


ple means for the two cases are 
little computation will show that 
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ON SAMPLING WITH AND WITHOUT REPLACEMENT 


i. TWO ESTIMATORS FROM A WITH REPLACEMENT SAMPLE 


If we draw a sample of size x with replacements and with equal probabilities and if 
У be the number of distinct units appearing in the sample then the average Y-characteristic 
of the v distinct units is also an unbiased estimator of F. We may enquire whether this 
estimator is better or worse than the average over all the » units. The variance of the 
former is 


N—v 
В [| W—-. ex (4. 
al ger v] eu 


whereas that of the latter is „-c. 


Tt is not possible to give a simple expression for (4.1). In the next section we shall give an 
indirect proof of the inequality. | 


и (У. E if u J) wes 4B) 


Thus, the average Y-characteristics of the v distinct units in the sample is a better estimator 
than the average over all the x units. This result may at first appear to be a little unfamiliar, 
even surprising. Let us take, for example, the familiar Binomial model where we draw 
% balls at random one by one and with replacements from an urn containing N identical balls 
Np of which are white, the rest being black. Here the sample observation consists of a se- 
uence of x white or black balls. The number r of white balls in the sample then constitutes 
& complete! sufficient statistic for the unknown parameter p. (Note that in this situation the 
distribution of the sample depends only on p and not on N.) Hence r/» is the uniformly 
minimum variance unbiased estimator of p. Now suppose that the N balls are distinguish- 
Able from one another (as for example when the balls are villages) or suppose we put distin- 
Suishing marks on the balls drawn before they are replaced. The sample observation then 
isa Sequence of x balls and there are N” possible sample observations each having the same 
Probability, (In the previous case the probability of getting a particular sample observation 
Was p'(1 —p)'-" where ris the number of white balls in the sample). Here the sample obser- 
vation is more detailed than in the previous case and actually contains more information about 
the parameter p. Now r is no longer a sufficient statistic. The v distinct balls that came 
in the sample is а sufficient statistic and nothing less than this can be sufficient. Consider 
now a third kind of sample observation where for each of the » balls that are drawn we note 
down Only its colour and the fact whether this particular ball was drawn before or not. 

€re the sample can be represented as a sequence of whites and blacks with cross marks 
at y places (у a variable) to indicate at which draws we had the distinct balls. The sample 
Observation now is more detailed than the first case and less so than the second, If p be the 
number of distinct white balls then the statistic (p, v) is sufficient. The conditional 
expectation of r[n for fixed values of (p, v) is р/у and so by the Rao-Blackwell theorem 
Ply is better than r[n. Here the statistic (p, v) though sufficient is not complete. This is 
obvious from the fact that the distribution of v is independent of the parameter p. Thus 


cem 


The distribution of r is complete if there are at least 4-1 admissible values for p. Thus if N bo 


Smaller than z then the distribution of will not be complete. 
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we are unable! to prove that р/у is the best unbiased estimator of p. The proof gistohes 
above only demonstrators that, with the additional information of which are the distinct 
units, the standard estimator r/n is no longer the best estimator — 0 that it is in fact worse 
than %. In the next section we give a proof of inequality (4.2) in the general case. 


5. Proor or (4.2.) 


Let there be N population units and let Y; be the Y-characteristic of the j-th popula- 


tion unit (j — 1, 2, ..., N). A sample S of size » is drawn one by one, with equal probabi- 
lities and with replacements. Let y; be the observed Y-characteristic of the i-th sample 
unit (i = 1,2,....n). For each sample unit suppose we also note down its unit index (if 


a particular sample unit happens to be the j-th population unit then its unit-index is). Let 
u; be the unit-index of the i-th sample unit and let x; = (у, wi). We can then record the 
sample observation as 

S= (Xi. Жу, cia Жу) 


where the xis are independently and identically distributed random vectors. 


Let v be the number of distinct sample units and let Way < Way <<... < Up be their unit- 
indices written in an ascending order. Let % be the Y-characteristic of the sample unit 
with unit-index mj and let xq) = (Yap ш) i = 1,2, T Ў, 


Consider now the set of ‘order-statistics’ 


T = (Xa) Xt +++, Xo). 


The usual estimator of Y (the population mean) is based on all the n observations and is 


tu 


= 9(5) = n~ 5 Yi 
1 


whereas the estimator based on the у distinct units is 


2 
9* = 9* (T)= x yay 


Now, for fixed T, the conditional distribution of x; is concentrated at the y points 
Xa» Xoy +++) Xv) with equal probabilities at each of these points. 


E(T)—g* (—1,2,...,) 
and hence ET) = g*. 
Bince j is an unbiased estimator of Y, 


it follows at once that j* is also unbiased. It also 
follows that, for any convex ( 


downwards) loss funetion, j* has a uniformly better risk 
function than ў. In particular 3 


V(g*) < 7(7) 
the sign of equality holding only when » = 1. 
Thus the inequality (4.2) is proved. We may note in passing that T isa sufficient. statistic 
here though not a complete one. No uniformly best unbiased estimator of Y exists. 
1 If the parameter N is also unknown then it is easily demonstr: 
complete. In this situtation we believe that р/р is the best unbiased ез 


ated that the distribution of Р is 
timator of p. 
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б. THE CASE WHEN V IS FIXED IN ADVANCE 


In the previous sections we fixed x and had v as a random variable. Here we consider 
the situtation where the number v of distinct units in the sample is fixed in advance. We 
go on drawing samples one by one, with equal probabilities, and with replacements until 
we get „ distinct units. The probability distribution of the number x of samples drawn 
may be obtained as follows. The event n = k means that in the first &—1 draws there are 
exactly y—1 distinct units and that the &-th unit drawn is different from the v—1 distinct 
units that appeared in the first &—1 cases. Thus from (2.1) it follows that 


aora TENE os fomes Е Я 
Pin = k) = LN U- (А) a G ( i j= QD aaf F ) | ... (61) 
8 z=0 
where E = у, v1, .. ad inf. 
From (6.1) it follows that the probability generating function of a is 
со go 
d а fey 
P. Ет = L = U = gr an (2) 
kav kev ЕЕ) 
Where Д operates on æ. 
Since A-1 a" — 0 for r  y—1 we have 
Р -1 v-1 М xt y A (N71) A ( 1— 8 * 6.2) 
„% = (¥21) uve | 2. (X) Vag (4 LEN ьъ 
kat s 
In a like manner we have 
je а 1-2 f 
Ein) = Bp A" [ 1— z) ! 2. (63) 


ж=0 
Hg be the average Y-chavacteristic of all the % observations then jj is an unbiased estimator 
of Y with " 


ariance 
— 1 
Е „@®__ „з n=k 
Wy) uH. = 2; p^ 
Ecl 
E | 
Ба 1 [ zy 
=o pa >) (у) 
ker 2=0 
-1| NV N 
= о? (Nz1) А” E log s | ` e (6.4) 
ж=0 
Where, for «= 0 N log = is to be interpreted as 1. 
= N—x 
Чу be the average Y-charaeteristies of the v distinct units then 
М N—y 0° 
VO") =F" (6.5) 


That (6 ку: Р А 
dat (6.5) is smaller than (6.4) may be proved in precisely the same way as we proved 


а simil. 
milar result in 55. 
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i. SAMPLING WITH UNEQUAL PROBABILITIES 


We consider now the more general situation where sampling is done with different 
probabilities attached to the different population units. Let P; be the probability associated 
with the j-th population unit (ZPj—1). Suppose a sample of size n is taken with replacement 
and with the P;’s as the probabilities. Let us suppose that for the i-th sample unit we record 
its Y-characteristic y;, its probability of selection p,, and its unit-index RE = 1,2,...,). 
Thus, the sample is 


S= (x Kanes X) 
where Xi = (Yi psu) ( = 1, 2, ., n). 
Clearly the xis are independently and identically distributed random vectors, 
As in 55 let us define v as the number of distinct z;'s and as before let жү), Xq ... Xo) be 
an arrangement of the v distinct x;'s in ascending order of their unit-indices. Let 
T = (ху, xij, ..., хе). 


It is easily seen that in this case also T is a sufficient statistic. Given T, there are only 


(where the summation is taken over all positive integer &½s such that +... фа = 2) 
values that S may take and the probability for each of these can be computed from the 
information T alone. Thus, any admissible estimator of Y must necessarily be a function 
of the statistic T alone. The usual estimator jj of Y is based on all the » observations and is 


n 


к = 1 E DA 

Jie کا‎ ( Ji | 1.1 

HE з= > Np, | ss Uu) 
From the sufficiency of T it follows that 


n X (ay! a! .... 5) 1 


y = Eg|T) (, 2 
y (y|T) рК * (7.2) 
is a better unbiased estimator of Y. 
It is not difficult to show that 
Р (n—1)! a ы 
To » "3 DS ES oe Da 
Pix = хит) = | L «Eas sau Pa Pays Po 
8ے‎ — mei 7542 в, 
ES alas... a, Pay Puy * Ро) 
= e(say) (i= 1,2,..., y) 
where 2 means summation over all integral æ’s such that 
i- Ec... oy =n and- ap > 0 for (Жолу 
and ХУ” means summation over all integral «’s such that 
I E E. E = n—1, о; > 0 and ar > 0 fork 52 û. 
Thus gt = БЇ EA т} = ry 90 
MT) = Le ge. d 


Unfortunately, it is rather troublesome to compute the cis. In the particular case 
where n = 3 and v = 2 we have : 1 
Bis Gpaic-PoJM3(pay-- pj) 
and fg = (Day-299)/3(paj4- pi). 
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The estimator 7*, though demonstrated to be superior to the usual estimator J, cannot be 
of much use for large seale sample surveys. It is even more troublesome to estimate the 
variance of *. An unbiased estimator for the variance of 7 is \ 


T 2; [ss zy j ae (TA 


The above will over-estimate the variance of ў* and so it will be on the safe side to take 


(7.4) as an estimator of the variance of j*. 


S. THE MEAN AND VARIANCE OF v 


a of v for the particular case where sampling is 


In $2 we have given the distributior 
set-up the distribution of v becomes 


€ T non HH 
lone with equal probabilities. In the unequal probability 
very messy. Here we give expressions for the mean and variance of v. 


Let z; be the characteristic function of the event that the sample of n units includes 


the j-th population unit. 


Clearly 
PG = 1) = 1-@? (= 1, 2, 0 
Where 0, E 1р, 
Since y = 2142. (8.1) 
We have " 
По) = È (1—0). | (8.2) 
1 
Also Viv) = E FE = eov (50, 2%) (8.3) 
Now, Vie) = 97 1—0) 
А cov(zp 2) = Pi = 2j = 1 -E = 1)Р@ = 1) 
— 1—9:-014-0-0—090—05 
= —(@} G- 
Where Q, =1-Pi- P; 
d 
V() = X =- (Q7Qr—Q3) = = -C QF 2,98. — (8.4) 


9. UNEQUAL PROBABILITIES AND WITHOUT REPLACEMENT 


f sampling without replacement and with different 
lity attached to the j-th population unit. Let 
ability corresponding to the i-th sample unit 
d the sample observation! as 


igo let us consider the case o e 
% and ities. As in §7 let P; be the proba ч 
(i = Pi be the Y-characteristic and the pro 

2. n). Writing x; = (Vi: pi) we can recor 


S = (xi, X» ++ Xn). D) (9.1) 


unit indices of the sample units as we know that they must be all 


‘Here we need not record the ij Sus 
ation about the population units it appears that it is 


im t. Unless we have some additional inform 
Possible to utilise any information about the sample unit-indices to improve on any estimator of YT. 


оо 
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Now, let us order the x;’s by some method, say, in ascending order of the y;s and for x;'s 
È күк ув, in ascending order of their p,’s. Let xu) be the i-th order statistic and let 
wit! Ji 8, 


T = (ху, Xa); +++) x( * (9:2) 


be the set of order statistics. 


For given T, there are n! or less (in the case where some of thexqy's aro the same) LS that 
S may take and the conditional probability for each of these may be computed fpi the 
information T alone. Thus, in this case also T is a sufficient statistic. Hence no estimator 
that is not a function of T alone can be admissible. Any estimator that makes use of the order 
in which the sample was drawn can be uniformly improved upon by its conditional expecta- 
tion given T. 


For example, consider the particular case of л = 9, We may estimate Y from 


the first component of S, i.e., from x,. This estimator is, of course, 71 Nn. 


= 1l—pq) 1— 5 
ө Р xp —— Pay Poll- Pa — X... (9.9) 

x en > Фа ора) ро Pwll —}(»)) 2—pay—poy 

and similarly 
P(x, = xw lT) = ID esl (9-4) 
2—рау D 
E(” т = جا‎ Yay (1р Yo) x 
( (1—5() row ( Pao 

X(2—p0)—p()7. ss (05) 


The estimator (9.5) is uniformly better than INP. 


Since T is not a complete sufficient statistic, we 
best estimator. For further discussion 
refer to (Murthy, 1957). 


cannot prove that (9.5) is the uniformly 
about the problem dealt with in this section one may 
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DIFFUSION BY DISCRETE MOVEMENTS 


By H.C. GUPTA 
University of Delhi 


SUMMARY. Tho problem of diffusion or migration in a straight line by discontinuous move- 
ments was discussed briefly by Taylor (1922) and a more complete investigation was presented by 
Goldstein (1951). This problem has been studied in somewhat greater generality in Part I of this paper; 
in Part II the effect of barriers (reflecting, or absorbing, or partly reflecting and partly absorbing), has 
been investigated and amongst the formulae obtained here some are generalizations of certain results given 
by Chandrasekhar (1943). 


]. INTRODUCTION 
Suppose that a number of non-interacting particles start from the origin at the time 
t = 0 with the velocities w, ( 0) and ½ < 0) in the proportions c, and c, (= 1—e,) respec- 
tively and move along a straight line for an interval of time 7. After time 7 and at the end of 


each interval r thereafter, a particle has a probability p of maintaining its motion unchanged 


and a probability ¢ (= 1—p) of changing over to the other possible velocity. Thus the 
matrix of the transition probabilities is 
velocity from 
СА Ug 
to 
u [2 q 
us | q p ] а 


То correspond to physical reality a large number of non-interacting particles should 


be Supposed to be moving along a straight line and the various probability statements are 
to be construed in terms of the density of the particles. This remark is of special relevance 
to Ў 5, where the possibility of emigration and immigration is also included. The diffu- 
Sion process considered here is Markovian in the sense that if the realization of the 
Process at the time ¢ is known, then the knowledge of the realizations before time é is of no 
relevance to the process after time t; and the history of any given particle may be charac- 


teri à 
erized as a Markov process with two states. 


2. THE CHARACTERISTIC FUNCTIONS (O. f.) OF THE DISTRIBUTIONS 


Let a(n, v) denote the probability that a particle has at the time пт —0 the velocity 


Wi, that is, at the end of the n-th interval before a transition, if any, has taken place, the 


Particle arrives from the left after having moved to the right during 1(n--v) time-intervals 
n-th interval, its velocity 


and to the left during 1n—v) intervals, so that during the last, i.e., ims 
has been u, and at the end of this interval its distance from the origin is 


arf (atv) 4-09) 23) 


that the particle has at time nr—0 the velocity 


Similarly define £(n, у) as the probability 
als to the right and during $(n—v) intervals 


a, after having moved during ) interv 
to the left, 
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Evidently x is a positive integer and v is an integer such that 


a(n, э) = 0 = f(n, v), if n—v is odd, or if |v] > x, 


(2.2) 
Elementary reasoning shows that for n EM 
a(n, —n) = 0 = f(n, т), a(n, n) = cp and Alu, —n) = cb: 
also 2(2, 0) = сыў and /(2, 0) = eq. (2.3) 
Tn general, the following recurrence relations hold: | 
a(n4-1, v) = pun, I) ln, y—1), m 
f gus i 
B(n--1, v) ln, I) Tg, v). J | 
Now define the characteristic functions (c.f.) | 
n n" | 
D,(0) = a(n, vet? . M,(0) = Bn, v)ei™, 
>. 1 > 
where 0 is a real number, In fact, on account of the relations (2.2) and (2.3), 
2 n-2 
L = and M. = , 
From (2.3), 
а= 00, My = 660, Es S eg у ceo (ag) 
Multiply (2.4) by e” and sum from y = —(n+1) ton+1 ; then by (2.2) 
2 n 
Langa) = pet У, a(n, „Dee gei0 > Bin, У—1)ейо-00, 
1 r—1-—n 
ЫЗ п 
Mesh oet S bna S dn hee, 
n „I= 
Denoting by E the operator which increases the suffix of L, or M, by 1, these 
relations may be written 


(Fp) 2.0) = qM) and (взору 


(0) = qe p 0), .. (2.6) 
showing that both L, and M, satisfy the difference equation 


D- pe? (E Y = Px»), i.e., Xn+2— 2) cog ON. tp? 
whence M,(0), L,(0) = Halatan) + Mean amy kd (2.7) 


)* = 0, 
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where а, and а, are the roots of the quadratic 2°—2p cos Ө.а--р%—° = 0, i.e., with 


E с ШЖ E = r—l 
7 7 p= FED] q= = and с = p—q ЕП 

| (2.8) 
а, = p cos Ü--qq/(1—7*sin*ü) and «a = p cos 0—q4/(1—7? sin?0). 


lt will be supposed that the radical takes the positive sign throughout. The 
Constants Ду and ky have to be consistent with the values (2.5). Thus for Z, they are given 
by 


ce? = kyp cos 04-19(1—7° sin*0)*, 
and cag--c,pe? = kc, (p? cos 20--q?) J-2pq cos 0.1 (1—7? sin*)!, 
whence, unless pg, 


ic, sin 0 p—e,ge-+-copq cos 0 i 


„5 ылыш (p—q)q(1—7? sin*@)! 2.9) 


p—g c 


1 


The expression for L, can now be written from (2.7) and (2.9). Similarly it is found that 


—icyp? sin 0—сьрет'-4-еро cos 0 


60—00 п n еа а (al — ag), was (2.10) 
21.00) = ECTS (aj 4-2) + 2¢(p—g)(1—7? sin?0)! А 
: i sin ec) +4 608 Ô (m. qn 
80 that L, +M, = Мана) i ош ji (al ag), 


Which in the special ease €, = €» = 4 reduces to the expression G(16) (Goldstein, 1951) 
taken along with G(19) (1981). 


In the case p — q, an application of the theory of limits gives 


Lilo) = cieio, 1.00) = + cos п-20(с„--суеё б), n> 1; 


М0) = oe, D,(0) = i cos"20(c,-- ee"), т > 1. 


3. THE PROBABILITY DISTRIBUTIONS 


On using the analogue of the Fourier inversion formula for the discrete case, the 
o 


relation (2.7) gives 


1 T iy. n ?. a? ydo. 
a(n, у) = i- | ei (a +a) hala} -d 
0 


n Goldstein’s paper are prefixed by G. 


1 The equations occurring i 


297 


Vor. 20] SANKHYA: THE INDIAN JOURNAL OF STATISTICS [ Parrs 3 & 4 


Since a,(0) = a,(27—8), r = 1, 2 and k is independent of 0, it is casy to see that 


a(n, у) = = | [соз Oth, (at +a) + (cp — esq) cos Ou Ae VI sin*0))-- 
0 
el ein ( ein v ,, an : 
VI r Sinh) (ala). . (3.1) 


It may be verified that a(n, v) = 0 when n—y is odd, for from (2.8) 
a(7—8) = —а(0) and a,(m—6) = —a,(6), 
so that ат(т—0)--а$(т—0) = (— (ata), 
while 107—0) —а(7—0) = (—)Y73(21—a3); 
and the integrand in (3.1), on replacing 0 by л— 


і 9, becomes (—1)"*", i.e, —1, times its 
previous value, showing that a(n,v) = 0. This shows further that when т-у is even, 


4 


P ать. 1 T n n 4 а1—а5 — е 
a(n v) = Е | { ö CA) cos MEC n А E cos 0 0080 ( 3 )sin 0 sin vo) ur. 


(3.2) 
Making the substitution 0 = 7—ф in the 


1g t à part of the integrand multiplied by aZ, so that the 
. new limits for this part become 3 


1 ия 
$7 and 7, and combining the two parts, we have 


1T 1 = 
a(n,v) == k, cos у0 + 4 £08 (v—1)0--m, cos (у--1)0 J „ ИР 
m | { PORE Ns 24/(1—7? sin?) } в, — 
" (s === 
where by (2.9), k = 5-1, 11 = -— $2 and m, = #6 -à ; . 4) 


Similarly 50, у) = E | { (L—k,) cos v0-- la сов (v+-1)0-+m, cos (v—1)0 | 
0 


27/(1—r* sin 0) —— al db, ., (8.5) 
where Ь = 14-с, and т» = 1—00. . (36) 
Since 1 —m—l4-m;) = (с,—с„)/д and HU 


1M Cle EM ) = d 
we see that 
y(n, У) = a(n, ) (т, vy) 


7 


1 
7 


е— 4 


a} [cos vo(14- Cos 0 ) 


| Viii; + eie sin vO sin 0 | | 


9  ^—r'sin90) 
which agrees with the integral G(26) (1951) for c, = б 
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4. THE MOMENTS OF THE DISTRIBUTIONS 


Remembering that the coordinate v in a(n, v) or in BH. v) corresponds to a distance 
from the origin equal to 


br((u C %) (Uy —ug)v) = (nug4-vu)r = (m--v)d, Ea (4.1) 
Where Up = (014-4), U = ш —из), m = nupu and а = ur, . (4.2) 


the 7-th moment about the origin for the a- distribution is 


n 
а > (v4-m)' a(n, v)/A, aw (43) 
Where 4 is the probability mass diis 


— ону 1D — Coq IIC -n P< 
ao, ») = Lilo) = itt д} PZ -G 20) SP 


v=—n 
= +A t) pg, . (4.4) 
So that a(n, v)/A is a proper probability distribution. 


Since |p—q| < 1, it is seen that lim А = 3, showing that the probability of a 
d п Э 

particle moving to the right is ultimately 3. Thus there is a tendency to an equilibrium 
State with regard to the velocity. This is in agreement with the important property 
(Feller, 1953) of an irreducible finite aperiodie chain that the absolute probabilities of the 
States have a limiting stationary distribution and if the chain is governed by a doubly 
Stochastic matrix of transition probabilities like (1.1), this stationary distribution has each 
element equal to % (Bartlett, 1955), n being the number of possible states. 
К То compute (4.3) we observe that X v/a(m, у) = (—i)' times the coefficient of 0" 
™ the power-series expansion of L,(0). 


n 


“= У wo) = М1 ... (45) 
у= —1 
n 
— : „-i nr. ; n 
me S DLL [1-07 }+ SP=2 T 0 } ч 


„ - 


+(1—1?)(¢,g—¢2p){1—(p—@)"}/2(9—p), 
1 — 
= gnr(1--(c,—e)(»—0) + э (с,@—с„р){1—(р—)"}. ^... (4.6) 
Hence using the results (4.3) to (4.6), the distances from the origin of the particles 


Moving to the right (with the velocity w,) at the end of the »-th interval have 


. mean == d(1—c")e,/g{1 + (e — 09)" nd, 
and mean-square 


* 3 d e y-n 090—6 a cl 
= mdz ees [tte су)" - 9 


1—)(с,—с„7-Е2то,)] 
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A comparison of the integrals (3.3) and (3.5) would reveal, what is clear ftom a ye 
ideration, that (2, у) may be obtained from a(n, v) by interchanging the suie 1,2 v 
ciem à Y P» —v. Consequently u, m, d replaced respectively by —и, —m, —d in the r-th 
ке P i ac distsibutian give the r-th moment of the /-distribution. Using these 
p ue мс of the алое unconditional on the velocity may be derived. In 
m : 
particular, we have 


mean = md-F(ec,—c3)(1—(p—qy'id[2g, 4.7) 


and mean-square = d?[m?--nr-4- (1 —c"(3(1 7?)4-m(,—c,)/q)]. J 


The variances of the distributions could now be caleulated, 
lies in the limits of the various expressions when the discrete movements become continuous, 


ie. when 7—0 and n— such that пті and 417—0; then m> =, 140 but md uot 
Making these substitutions and noting that 


but the main interest 


oh (p—g) = (1 20r)" ~ саш, 


we arrive at the expressions 


7 = ut $(01—0;)(1—67?9!)u[Q, 


"7 
and а = wP HR (C, 6p) wrtgt/Q —wV[292--e720 1021302 1. (co— c, Juut /. } 


In the special case c, = 1 = 


1 
2 


€, and шу = —и, = u, so that “o = 0, @ = 0, as it should and 
a = Ut/Q—(1—e-20)y2/2Q2, ss (4,9) 
which is in agreement with the value G(2) obtained by Taylor (1922). 


5. MODIFICATIONS ror IMMIGRATION AND EMIGRATION 

Next consider the generalization wl 
a partial path there is the probability 1 
then there is the probability p--q— 
velocity as the original joins. 


hen p+y 5 I. If p+g < 1, then at the end of 
—p—q of the particle disappearing, and if p--q > l- 
l that another particle having the same 
Consequently 
as before think in terms of a large number 


position and 
we dispense with the condition p+q=1 and 
of particles participating in the motion. The 
equations upto and including (2.7) remain unaltered with а, and a, still given by (2.8), but 
k, and ky have values as given in (2.9) multiplied by 1/(p+-q) and so have L,(0) and Mn). 
The new expressions for the c.f.’s L, and M, become homogeneous in p and q, so also those of 

he mean distance and the mean- 
fact of zero degree in p, 
artial path is 


the various moments. 
from the origin also become homogeneous, in 
moving to the right at the end of the n-th p 


square distance 
q; the latter for particles 


(m3—nr)d2-4 a nelo + -H--q (oq, o, me) ‚ (5.1) 
4 (p-- a e e, (p— gyei E 


while the mean-square distance unconditional on the velocity is 
Gn EQ 4-7) —(-—9)"Io--gya. 
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Proceeding now to the limits as before but with p — 1— Pr, the limiting values of the moments 


are found to be eo times those obtained in $ 4, but those for the mean distances and 
Tt is thus seen that emigration here has 


mean-square distances are the same as in $4. 
It is what is to be expected, since 


n0 effect on. the mean and the mean-square distances. 
emigration takes place at a constant rate for all x and for the two velocities. 


6. DIFFERENTIAL EQUATIONS GOVERNING CONTINUOUS DIFFUSION 


We now study how by limiting processes the various differential equations, for 
diffusion, ete. may be obtained from the difference equation for a(n, v) obtained from (2.4) 


by elimination of В(п, v»), namely from the equation 


a(n-1-1, у) —p(a(n, v—1) + aln, y--1) H-(p?—9*)a(n—1, v) = 0. (6.1) 


In the coordinates (n, v), n is to be identified with time and v with position by means of (2.1), 


1.0., 2 corresponds to xt = 7 and v to 


1(n-I-v)u,T4-3n—v)usr = UT vur = 1, Say. (6.2) 


Since in the discrete case the particles, for a given n, can move to such positions only 
that v differs by 2, we must in the continuous case take 2ur = ô as the differential of 


the distance from the origin; thus (6. 1) may equivalently be written 
aD 4-7, y) p (eT. —39)-- (Ts y4-39) H- (p? — a°) , у) = 0. 


Expand in Taylor's series, neglecting terms of a higher order than т? or 6°; then we have 


S 0. „м (613) 


(1—2p--p?—d)a- (p+ ур HUPE) on а de ду? 


It is to be noted that y involves 7 also; we, therefore, transform the variables from 7, y to 


m 2 
> ® by means of the relations 


t=T, «= y—usT, 


and (6.3) transforms to 


-A geri (0 + 


0a Ox 0a 
A араа 


— 2% andi ax? =0. ... (6.4) 


4-17%14-02—9 ЛЕ 


The following limiting operations are of interest : 
(i) p=q= 4, 2ur = ô = Oy"), во that u = O(1/4/7) = \/(2Ё{т), say; then (6.4) 
reduces to 


da да Oa zx 
» 15 —k ox , se (6.5) 
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which is the equation of heat conduction if и, = 0, Е being the thermometrie conductivity; 
it is also the equation for the probability density function a(x) for one-dimensional diffusion 
from a point source with a constant drift in the random displacement X at rate — 


ш per unit 
time and a growth in variance at rate 2k. 


(0) p=g=}, 9-—O(r**), e> 0; then (6.4) reduces to 


P: zd x. .. (6.6) 


which is the equation of the motion of a sound wave. It will be noticed that in the above 
two cases the possible velocities ш, and и, are infinite, but their algebraic sum 2u, is finite. 
In the following cases where ô = 0(7), the velocities, with which diffusion is possible, are both 
finite. 

(ii) p=1—Pr, = r, [P, 0 finite], д = 2 = 


О(т) so that wis finite; then on 
dividing by 7? and letting 7— 0, (6.4) becomes 


(a ir) (8 аР) ale, Qa p — (6.7) 


This is the equation of diffusion by continuous m 
% > 0) and u;( < 0), a constant rate of transition Q 
When 4, = — 0, =v, then (6.7 
for the case P — Q and 6 


ovements, with two possible velocities 
and a constant rate of e 
) reduces to the telegraph equation 
= б, = has been obtained by G 
of the Fourier and Laplace transformations, the Writer has 
more general equation, viz. 


migration P—Q. 
With leakage ; its solution? 
oldstein (1951). By the method 
obtained the solution? of a still 


{(ж—® ath) (s =l 2 +P, 0. a(x, t) = 0. 


Although the limiting processes 
velocities being infinite in the one and finite in the other), 
the solutions for the Probability density in the two cases. 
and /o small, so that x is 


iii), and a large rate of transition 
Q (in fact, Qr — 1,7 being the small time interval in the d 


iscrete case) the two solutions do 


The probabilitygdensity for the random walk problem (Chandrasekhar, 1943) is 


1 2 
W(x, t) = VD) exp ( ini ү У» т, 2. (6.8) 


where n’ = number of displacements per unit time, D — iw, 1 
v = velocity of diffusion, ml = x — the net displacement from the 
N = the number of steps taken in time t. Thus vt = Nia? = ү [т an 


length of a step = 07, 

starting point, n't = 

d (6.8) may be written 

Ме) = ey exp ( — 2 1609 
3 Abr 25877 S vt. te б: 


1 Under publieation. 
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Now Goldstein's solution (1951), leaving out the discrete probability mass at the 
Outposts of the distribution, is 


хез) = @ e | nott ne]. sme (e—5) ^. t9 


It will now be shown that (6.9) and (6.10) agree to a first approximation, if, т 


being a small time interval, 


= /r, (= Od) and Qv = 0(1). ws (8.11) 


For under these assumptions 


z~ Qt ( i а? ) = 0(Q), so that Jof) ~ Le) ~ vix | 


дь? 


Hence (6.10) is approximated by 


0 1 
x. 07 2 exp ( – 5 ) Ven’ 


Which agrees with (6.9), since Q = 1/7. 

. Now (6.9) has been derived on the assumptions that N = t/r is large and m? = O(N), 
Le. /e — Or), which are consistent with (6.11). Thus a first order agreement between 
(6.8) and (6.10) holds for ¢ finite and a [v ON) where т is a small number. The requirement 
* being asymptotically equal to 1/r is not arbitrary; it is in fact necessary for the 
asymptotic equality of the rate of increase in variance per unit — for the two types of 
diffusion processes. For normal diffusion (6.9) this rate is v?r, while for the continuous 
atrix (1.1) with p = 1—Qr the expression (4.9) shows 
arge rate of transition Q, the continuous diffusion 
O(1/V Qt), i.e., for distances small 


diffusion governed by the transition m 
that this rate is 22/0. Thus with a | 
becomes effectively the normal diffusion for aut = 
Compared with the maximum possible displacement. 


7. DISTRIBUTIONS IN THE PRESENCE OF BARRIERS 


А General remarks. In this part the method of images has been employed to derive 
in a few cases the probabilities ол, v) and В(т,у) as modified by the presence of one or two 
harriers, The results are generalizations of those given by een (1943) in 
as much ag (i) they refer to the individual probabilities x апа Û and not to their sum, (її) 


the initial probability of a particle moving to the right is су, not necessarily $ and (iii) they 


hold, except for absorbing barriers, for p not necessarily equal to g. It is to be noted that 
these formulae are sgoplicable, only when the possible velocities шу, U, are equal in magnitude. 


or it has been tacitly implied in the reasoning employed that in a path between two conse- 
cutive contacts with a barrier, the partial paths to the right are as many in number as those 
to the left, so that every such path has an image path between those very contacts. This 
18 possible only if u, =— u = V. 
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Reflecting barriers. First suppose that there is a reflecting barrier at x = hd, where 
d ur is the distance moved in each step. Denote by «!"(n, у) and Bn, v) the probabili- 
ti БЕ win v) and A(n, у) as modified by the presence of the reflecting barrier, with у < h and 
ies PEN y 
h 0. Then we show that? 


a (n, у) = a(n, у)-- (п, 2h—»), v € h; = (7.1) 
fn, у) = pin, v), 2h—v), у < h. el (7.2) 


In Figure 1 below is defined a ‘family’ of paths to comprise such paths as coincide 
when the parts of them to the right of the barrier are replaced by their images on the left; thus 
the paths FADP, FADP', FA'DP and FA'DP' constitute а family. 


pina) bn, 2h-7) 


Fig. 1. ‘Family’ of paths. 


It is first proved that if 4 is the probability of a path which contributes to (n, v); 


/ the sum of the probabilities of those paths of the same family which contribute to a(n, y) and 
Hz the corresponding sum for f(n, 2h—y), then 


I = шд. s. (18) 
Consider a path FCBP, say, 

(n, v) and P' its image (n, 2h—v). 
the barrier its probability is и, then i 
the path is jig, because the reflecti 
a probability q in its absence. r path of this family, 
viz., FOB'P' is yp, since except for a continuation of direction at C the reversals and conti- 
nuations in this path correspond to those of FCBP. Thus fy = ſid and иь = pp, which 


having single contact with the barrier; here Pis the point 


1 The formula (7.2) for Ge) can be written from (7.1) by interchanging « and B and admits of & 


similar proof. This remark applies to the following sections as well, but the range of validity, as a little 
thought would show, is Р< h. 
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In case there are two contacts at C and D, say, and и is the probability of the path 
FCADP in the presence of the barrier, then this path and its homologues FCA'DP, FCADP', 
and FCA'DP' in the absence of the barrier have respectively the probabilities 4q, 
IQ, pqp and ирт. Thus 


u, = ш-р? and py == sqp--ppg. so that pit = (p+) = д. 


Which verifies (7.3). The argument is similarly extended, whatever be the number of 
contacts, 

The paths contributing to &”(n, v) but not touching the barrier contribute also to 
a(n, v) the same amount; they have no homologues reaching beyond the barrier and thus 
(7.3) is again satisfied. 

Adding all the equations (7.3) for all possible paths contributing to a(n, v), 
We prove (7.1); (7.2) is similarly proved. 

Two reflecting barriers. When there are two reflecting barriers at 2/0 = h and 
at а/а = —k, say, then we have to consider the reflections of the images themselves. 
The sequences of the successive images are shown in the following scheme : 


Images in the barrier h 


Altrò 20 2-2 2¢+2h-d AE2h-2 


~6E+2h-9 4e+2h-d 2h-2e-d e at 66+0 


Images in the barrier — k = h — l, say. 


Fig. 2. 


In this scheme 2h—v is the position of the image of у in 2/0 = h; —2l+v is the posi- 
tion of the image of the former image in /d = h—l, and so оп. On the left, 22 —21—v is the 
Position of the image of v in ald = —k; 21--v is the image of this in 2/0 = h, etc. Noting 
that after every reflection the path changes over its contribution from a(x, v) to f(n, у) and 


Vice versa, we have 


с 
а, у) = >. (a(n, v+2jl)+B(m, —У4-20—2)1)). © (7.4) 


3 


For a fixed n, only a finite number of terms will be non-vanishing in (7.4), for 


(i) if j is so large that |v--39l > п, then a(n, v--2jl) = 0, and (ii) if j is so large 
that |—v+2}—2jl| > n, then 


Bn, —v+2h—2jl) = 0. 


For k= o, (74) reduces to (7-1). 
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A partly reflecting barrier. We first prove a lemma. 


Lemma. Let «,,(n, v) denote the probability that a particle at the end of the n-th step 
is reaching v from the left after having been at [d = h just m times and similarly for B,,(n, v); 
then 


N, У), (n, 2h—v) = {1 +p —(q—py. es (7.5) 
Note that no barrier is assumed to be present. 


Proof: For a given sequence of points C, (n,, k), r = l, ..., m; with a common 
abscissa! / and increasing ordinates, let Ly (or Ry) = probability of leaving the ordinate 
at h with the velocity — u (or u) after the m-th contact at C 


m 


Now an even number (including zero) of crossin 
contributing to Lm and an odd number in one contrib 
family of homologous paths having contact with the ordinate at the m given points, each 
path contributing to L,, has a term corresponding to it in the expansion of (Cg with an 
even power of p, while each one of the paths contributing to Rm is corresponded by a term 
with an odd power in the expansion. Hence 


gs. of the ordinate occurs in a path 
uting to Ry. Consequently from a 


Lm — (р+4)"-„(@—р)" _ 14 (q—p)" 


E, (p--q" —(g—pys 1—(g—py" ` 


Now to every path L, leading to a(n, v) there is an 
Bin, 2h—v»). Hence if 4. у) and f, (n, 2h—y 
when the paths touch or cross the ordinate 


image path contributing to 
v) denote respectively o(n, y) and Bin, 2h —v) 
A at the m given points, we have 


cn, (N, v) 1 TA 14-(9—р)" 
Boln, 2h—v) Ra Ir 


Using X to denote summation extending over all possible sequences of the m points of 
contact, we have 


. 


(л, у) Xem, v) = 1+(@—р)” 


nl, hv) EB (n, hv) e 


and the lemma is proved. This can be used to i 
of a partly reflecting barrier at a = hd, at which the probability of reflection is g—p (> 0) 
and that of absorption is 2p. Denote by a(n, у) and Ват, v) the probabilities aln, У) 
and f(n, v) as modified by the presence of the partly reflecting barrier z itis now shown that 


a(n, у) = a(n, v), hi), „C. 


nvestigate the distribution in the presence 


(1.6) 


1 [n the pair (n, »), n is the ordinate and > tho abscissa; 
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Since the probability of reflection is — р, we have, using the suffix m as in the lemma, 
n) (n, v) = (q—p)" times the probability of arriving at (2, у) from the left in the presence 
of a perfectly reflecting barrier 
= (0—р)"{а (п, у) 4-2, 2h—v)}, by (7.1), 


= &,,(n, у) — 2,„(т, 2h—w), 


on substituting for (O-) from (7.5). Summing now for all possible values of m, we are 
led to (7.6). 


Absorbing barrier and р =q. In the general case, q not necessarily equal to p, 
although the simple relation (7.5) exists, it is difficult to determine either an, v) or Hin, 2h—v) 
explicitly, for the ratio of the probabilities of the corresponding paths that contribute to 
a(n, у) and to Bin, 2h—v) is not always the same, being p : q for some and q : p for other. 
But when p = q the corresponding paths have equal probabilities, and using the superscript 
(а) for the presence of the absorbing barrier, we have Р 

a(n, v) = a(n, у) (т, 2h—v), v Л. (7.7) 
This is the relation (7.6), since when p = g, the probability of reflection becomes zero and the 
partly reflecting barrier becomes an absorbing one. 

Alternatively this formula may be derived from the reasoning that to every path 
leading to (n, v) from the left after having been at least once at ж = hd, there corresponds a 
Path of the same probability that leads to (m, 2h—v) from the right. The right member 
of (7.7), therefore, represents the sum of the probabilities of all those paths which lead to 
(n, у) from the left without having been at z — Ad. Thus (7.7) is established. 


Formula (7.7) gives for » = h the probability of a particle being at the barrier for the 


first time ; this is a(n, /) Hu, h). Adding (n, h) to both the terms, we have 


0, h) = y(n, h) —2f(n, h) = yu h)—y(n—1, А-1), Le.. Chandrasekhar, p. 6] 
Tor in order to be able to contribute to Y, A) a particle must be at (0—1, h-+-1) and from 
that Position it is equally likely to assume the coordinates (n, Y) or (n, 2-4-2). 


Two barriers, at h and —k. The formulae of the preceding sections are easily 
„ Qi n Y 2 К г 

extended to the case of two barriers. Writing for brevity a(n, „ 

a : j ad "ET В 

un obvious notation and the scheme of images given in $ 7, we have 


Й 1 wu эже 
наль G- Hei- aiv Cate „A T aper 


li 


ap) 
(n, y) ay Puy] -OL-atko — Pot 


оо 


ll 


(«әш —Pon—v+2ml) . 
т=—осоо 


Taking p = q = 4 we have formulae for tw 
ч ing barrier at h and а reflecting one at —k, the 


o absorbing barriers. 


Lastly, when there is a partly reflect 


Sche š 
Me of images and (7.6) give 
со 
La 
aD (n, y= 2. (Y (omi овоот): 
n= 
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For p = } this refers to an absorbing barrier at A and a reflecting one at — f. 


I am grateful to Professor M. S. Bartlett and Mr. J. E. Moyal for their kind interest 
in this investigation. 
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ON THE DISTRIBUTION OF THE MAXIMUM VALUE OF AN EQUALLY 
CORRELATED SAMPLE FROM A NORMAL POPULATION 


^ 
By A. KUDO 
Kyushu University, Fukuoka, Japan 
and 
Indian Statistical Institute, Calcutta 


SUMMARY. The density and the distribution function of equivariance multivariate normal 
Sample are derived. The distribution function of the maximum of sample is also derived and the 
tablo for it is given. 


1. [INTRODUCTION 


The purpose of this paper is to give the distribution of the maximum of an equally 
correlated sample from a normal universe. As an application we shall give the distribution 
of the statistic for the testing of outlying observation. The table necessary for the 
calculation of the distribution of the maximum value has been calculated on a small scale 
In the Indian Statistical Institute. The scale of the table was decided for the sake of 
another application, confidence interval for the extreme value in future observations. 


The confidence interval for it is discussed in Kudó (1954). 


2, Tur DERIVATION OF THE DISTRIBUTION 


Let (ж, to, ..., ху) be distributed normally with a common mean value zero and a 
common variance o, and we assume that they are equally correlated with correlation 
Coefficient p. As the correlation matrix should be positive, we should have p > 1/N—1. 


As à К б E 
the variance-covariance matrix is 


by 
Lm еа ay Des. 

A=o* =(1—p)o* "e "po" 83 E 
p 1 0 Zh 11e 


wi Я " 
9 have the characteristic function 


n n 2 
eli) = exp(—H/AL) = exp (ag. 2% (> 3 ) 


i=l iel 


Sh (RS Luger 4] 


= 2 751 
80 га з gs N 
Р | 
Sem (ey x Тө ЕУ 
K=0 k! 2 nina. N= 2. W 5 781 = 


CRM : : Р 
8 this Series is dominated by an exponential function, we can take the inverse Fourier 


tr 
“nsformation term by term. 
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) be an integrable function, g(t) be its Fourier transform, and f(x) be differen- 
e ir order Then we can easily verify that the Fourier transform of the n-th 
8 a mee is (it) ) Hence the density function of (жу, v5, ..., zy) is given by 
derivative 


y^ (2K)! (°F Jure Уу 1 End iss |) a. 


fro ue. ty) = P, KI (2 m! VI 
K-0 


"M+..+ny=2h 
1 pny) ( Sy |, 
ny! М1—р с 
Y F(x) is the n-th derivative of the standardized normal distribution function. There- 
where * à : 
fore the distribution function of (i, ao, ..., &y)-is 


E: = (2K)! (= ауу D |. pon ( EC 0 — 


i P opes‏ ا ا 


K-0 744-..--ny —9K 


l pw) ( EN 
Ul = (25, i 


Let a, (£) = 2, Е" () and then we have 


$ ' 

i I OK)! (pot Rs eee A ) 

F(a, 2 , ху) = Fi 2) (—p)o*) an, iE 
K=0 тт... ny NR 


e 
"у \V1—p o]: 
In case z, = y, =... = Vy = v, it has a special expression : 
oo 
Ble, , a) = Pr (max a; < x) = A on (F KE Aner сє, 


where A, (v) are defined in recurrent ways, 


Ask @=® (0), Ang (а) = È a; (0) д, (0. 


The tables were calculated in tho following way. At first we tabulated a, (v) UP 
to the seventh decimal place, Then Angle) were tabulated by I.B.M. machines. The 
relations 


8 8 [S 
р, An, (a) EU Ang (a) A a; (X) 


were used for check purpose at each Stage of calculation and the numbers were listed 
upto the fifth decimal place. To examine the accuracy, another tabulation was carried out 
for v = 3 with ten decimal places, and there was found no discrepancy, 
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SAMPLING. DISTRIBUTION FROM A NORMAL POPULATION 


TABLES OF Ay, (X) 


wj” T 0 2 4 6 8 
N=1 
1.8 0.96407 .07106 — .00142 .00136 — .00017 
1.9 97128 —. 00317 00140 — . 00015 
2.0 97725 — .00450 .00135 —.00012 
2.1 .98214 — .00543 .00124 — .00008 
2.2 98610 03902 — 00898 00108 —. 00005 
2.3 98928 03258 —.00622 .00090 — .00002 
2.4 .99180 .02687 — .00618 .00070 .00001 
2.5 .99379 .02191 — .00593 .00051 .00003 
2.6 .99534 .01766 — .00553 .00034 . 00004 
2.7 . 99653 .01407 — .00503 .00019 .00005 
2.8 .99744 .01108 —.00447 .00006 . 00005 
2.9 .99813 .00863 — .00389 00004 00005 
3.0 99865 ‚00665 — .00332 .00011 .00004 
3.1 ‚99903 00506 —.00279 ‚00016 00004 
2 99931 00381 —.00230 00019 00003 
3.3 .99952 .00284 —.00187 00019. .00002 
E .99966 .00209 — 00149 00019 00002 
E 99977 00153 —.00118 -00018 00001 
N=2 

1.8 0.92943 13077 00696 00308 — .00074 
1.9 94339 11678 00148 00352 —.00063 
2.0 95502 10261 — .00296 00361 — .00049 
2.1 96459 08878 — .00633 00343 — .00034 
2.2 97239 07570 — .00867 00306 —.00020 
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TABLES OF Ay, (X) (continued) 


“= ш. > мт NOE Ms mE" 
N= 
1.8 0.89604 —.18010 .02277 .00373 —.00172 
1.9 -91630 —.16387 -01246 0532 —.00154 
2.0 .93329 —.14614 -00373 . 00605 —.00124 
9.1 -94736 —.12794 —.00321 «00609 — .00088 
9.2 .95887 —.11011 — .00833 .00563 — .00054 
че .96817 —.09326 —.01178 .00486 —.00026 
2.4 .97561 — .07781 — .01376 .00395 — . 00003 
2.5 -98149 — .06400 —.01457 .00302 .00011 
2.6 98608 —.05193 —.01447 -00214 00021 
2.7 . 98964 —.04159 —.01372 .00159 .00025 
2.8 .99235 —.03289 00077 ‚00025 
2.9 -99441 —.02569 —.01115 -00028 . 00023 
3.0 99596 —.01983 — .00966 —.00007 00020 
2e -99710 —.01513 — .00818 — .00030 00017 
8.2 -99794 —.01141 —. 00680 —. 00045 00013 
8.8 99855 —. 00851 —.00555 —.00052 00010 
3.4 .99899 — .00628 — .00445 — .00054 . 00007 
8.5 99930 —.00458 — .00351 — .00052 .00004 
ET o а». 
1.8 86384 —.21991 04393 ‚00235 —.00294 
1.9 .88999 —.20410 .02847 .00599 — .00285 
2.0 . 91206 —.18485 -01477 00806 — .00241 
2.1 93043 —.16381 . 00346 . 00879 —.00180 
2.2 94554 —.14235 — .00525 . 00851 2.00117 
2.3 95779 —.12145 —.01142 .00757 —.00061 
2.4 - 96761 —.10191 —.01532 .00628 —.00018 
2.5 -97539 — -08420 —.01785 .00489 .00011 
2.6 98149 —. 06855 —. 01790 . 00355 .00029 
9,7 ‚98620 —.05504 —.01789 -00237 .00037 
2.8 298982 — 304861 —.01616 -00139 .00039 
2.9 99256 —.03412 —.01451 . 00064 .00036 
3.0 -99461 — .02637 —.01267 .00008 .00031 
3.1 -99614 — .02013 —.01079 —.00029 .00026 
3.2 ‚99725 —.01519 —.00899 — .00053 ‚00020 
8:9 99807 —.01133 —.00736 —.00065 .00014 
3.4 -99865 — .00836 —.00591 —.00069 .00010 
3.5 -99907 — .00610 —.00467 — .00068 .00006 
ve — 
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TABLES OF 4 ,, (X) (continued) 


iis 0 2 4 6 8 
- N=5 
1.8 83280 — 33105 00864 — .00168 — .00409 
1.9 .86443 — 23794 04832 00496 —.00441 
2.0 .89131 —.21901 02943 00917 — .00396 
2.1 .91381 — .19652 .01323 01117 —.00310 
2.2 .93239 —.17242 .00033 .01145 —.00211 
2.3 „94752 —.14824 — .00915 ‚01054 —.00120 
2.4 95908 —.12512 —.01549 .00896 — .00047 
2.5 .96933 —.10384 —.01915 .00709 .00003 
2.6 .97691 — .08484 —.02068 .00524 .00035 
2.7 ‚98278 — .06830 — .02063 ‚00358 ‚00050 
2.8 .98729 —.05422 —.01951 .00220 .00055 
2.9 .99071 — 04248 —.01771 .00112 .00051 
3.0 .99327 — .03286 —.01557 ‚00032 ‚00045 
3.1 .99517 —.02511 —.01333 —.00023 .00036 
8.2 .99657 — .01896 — 01116 —.00057 -00028 
3.3 .99759 —.01415 — .00915 — .00076 .00020 
3.4 .99832 — 01044 — .00736 — .00083 .00014 
3.5 .99884 — .00762 — .00583 — .00083 .00009 
— 
N=6 
1.8 . 80288 —.27428 .09536 — . 00864 —.00481 
1.9 83961 —.26583 07095 00182 — .00600 
3.0 87108 — 24886 04701 00899 — .00580 
2.1 89749 —.22621 02568 01294 —.00477 
2.2 91943 —.20045 ‚00817 ‚01424 00339 
j 2.3 93736 —.17367 —.00512 ‚01364 —.00205 
2.4 95181 —.14746 —.01434 -01188 00098 
2.5 96332 —.12294 — .02002 .00959 —. 00014 
2.6 pons — . 10079 — .02282 .00720 .00037 
2.7 97938 —.08135 — 02345 .00501 . 00063 
" b 02257 .00317 -00071 
d .98477 —.06471 0200 
92074 ‚00171 .00068 
2.9 .98886 —.05078 —40207 
00064 .00059 
3.0 EST _ 03933 —.01838 
3 01582 —.00011 200058 
al 99421 — .03008 РА " 
` 01328 — -00058 .00037 
2 99588 —.02272 =a Oise » 
е à 0108 —.00085 00027 
3. 1 —.01697 “ae 
| .99710 00881 — .00096 .00018 
4 —.01253 D е 
99798 . T 
.00698 — .00097 .00012 


3.5 


9981 — 00014 „зз шшс с 
| bos ooa — 
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TABLES OF Ах» (X) (continued) 


E 0 4 6 8 
N=7 - 
BE - pa —.29033 .12275 — .01859 —.00472 
158 81550 — .28820 - 09542 — -00366 — -00738 
2.0 85122 —.27463 . 06690 ‚00724 —.00780 
2.1 .88146 —.25302 - 04043 .01384 — -00676 
2.2 -90664 —.22651 ‚01802 ‚01668 —.00502 
2.3 .92730 — -19778 . 00055 ‚01672 —.00317 
2.4 ‚94401 —.16894 —.01195 01497 —.00159 
9.5 .95733 —.14149 —.01998 01231 —.00043 
2.6 .96782 —.11640 — .02433 00939 —.00033 
2.7 97598 —.09421 —.02585 . 00664 — .00073 
2.8 98225 —.07509 — .02537 004290 00088 
2.9 98701 —.05901 ` —.02360 00242 . 00086 
3.0 .99059 —.04575 —.02108 -00103 .00076 
3.1 .99325 —.03502 —.01824 . 00006 00062 
3.2 .99520 —.02647 —.01537 — .00056 00047 
3.3 99662 —.01978 —.01267 — .00091 . 00034. 
3.4 99764 —. 01460 —. 01024 —. 00108 00024 
3.5 99837 —. 01066 —. 00812 —. 00111 00015 
| N=8 

1.8 . 74622 —.29987 14971 —.03137 — . 00344 
1.9 -79208 —.30546 12091 —. 01139 —.00826 
2.0 83185 —.29057 . 08853 .00372 — .00980 
bmi -86571 —.27705 05712 01366 — .00900 
2.9 89404 — .25064 .02968 01861 —. 00697 
2.3 -91736 — .22060 00773 01967 —. 00460 
2.4 93627 —.18958 —.00838 -01815 — .00247 
2.5 -95139 —.15952 —.01909 01522 —.00086 
2.6 96331 —.13169 — 02524 -01179 -00022 
2 . 97260 —.10687 —.02785 -00846 . 00081 
2.8 .97974 —. 08535 —.02791 . 00557 .00104 
2.9 .98517 —.06717 —.02629 00825 00105 
3.0 .98925 —.05214 — .02368 .00151 ..00093 
3.1 .99229 — .03994 —.02061 .00029 .00076 
3.2 99452 —.03021 —.01743 —.00050 . 00059 
2.9 -99614 —.02258 —.01440 — -00096 -00043 
3.4 -99731 —. 01668 —.01166 —.00118 .00029 


3.5 ‚99814 —.01218 — .00926 


d А —.00124 .00019 
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gn 0 2 4 6 8 
N=9 
1.8 71941 — 30352 17830 — .04669 00068 
1.9 76933 —.31797 .14669 — .02195 — .00838 
3.0 812903 — .31488 .11138 — .00169 —.01161 
| 2.1 85024 —.29844 07540 ‚01224 —.01140 
2.2 .88161 —.27291 ‚04204 ‚01987 — .00921 
2.3 .90752 —.24217 01631 .02237 — .00631 
2.4 .92860 — .20040 — .00370 .02133 — .00357 
.94548 —.17702 —.01736 .01826 — .00144 
2.6 95882 — . 14666 — .02556 .01436 .00002 
2.7 .96923 — .11933 — .02945 ‚01045 .00085 
2.8 .97794 — .09550 — .03019 .00698 .00120 
2.9 .08333 —.07527 —.02882 00418 .00195 
3.0 .98792 — .05849 —.02618 .00206 .00112 
3.1 .99133 .04484 —.02291 00057 00092 
3.2 99383 — .03394 — .01946 — .00041 .00071 
3.3 .99566 — .02537 —.01612 — .00099 .00052 
3.4 .99697 — .01875 — .01306 — .00127 .00035 
3.5 99791 — .01369 — .01039 — .00136 «00023 
N=10 
1.8 69356 — 30187 19874 —.06415 00381 
1.9 . 74724 — .32610 .17211 — 03464 — .00748 
250 70443 —.82979 13400 —. 00905 —.01304 
2.1 83505 —.31730 .09497 ‚00945 — .01385 
2.2 .86935 — . 29339 05759 -02034 — — 9471 
2.3 .89779 — 36251 02616 ‚024783 —.00832 
2.4 .92098 —.22842 00203 .02446 =й 
3.5 93961 —.19400 —.01483 ‚02141 —.00218 
2.6 ‚95435 —.16131 — .02531 .01709 — .00027 
2.7 96587 — .13160 — .03065 .01259 .00084 
R8 .97474 — 10553 —.03221 ‚00853 00134 
2.9 98150 — 08330 — .03119 00521 ‚00144 
Р 0 .98658 — 06480 —.02859 00268 00132 
851 99037 — 04972 — .02516 00089 00109 
3.2 99315 : —.03766 —.02145 — .00029 00084 
3.3 99518 —.02817 —.01781 — .00099 .00061 
3.4 99664 — .02082 —.01446 — .00185 ‚00042 
315 
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Let а (i= 1, 2, . ., N, +N») be independently and identically distributed as VO. ), 
c c d Ё NiNa : 
i z 5 м = € жапйш= X 2,/N,+Nz. 
where g is known and m is unknown to us. Let zy; ey e. апа т A "hA 
The statistic (23у —2)/z have been proved to be optimum in a certain sense for the testing 
F ; Fer Akar 
f А outlying observation, under such a circumstance as we know a priori there 
; be only one observation among z;(i— 1,2,..., Ny) which is from another normal 
а; tb i 0 
= bon with a same variance and a greater mean value (Кай, 1956). 
ET In case N, = 0, the distribution was given by Mackey (1935), at first, and then 
Nair (1948) and Grubbs (1950) gave another form of it and tabulated the tables of this 
distribution. 


As jy; = e (i = 1, 2, ... Ny) are equally correlated we have 


pr (Eu <a) = x OB gh) age 


The convergence is found to be quicker as A increases. 


The following is the comparison of our approximation w 


ith the values given by 
Grubbs for N, = 0, А = 1.8, 2.5 and 3.5. 


1.8 2.5 3.5 
5 Grubbs approxima- Grubbs approxima- Grubbs approxima- 
tion tion tion 
N= 3 . 95877 95936 -99670 99642 99997 1.00000 
N= 4 .92480 .92530 .99222 .99209 99989 99989 
Nm Б .89037 .89066 . 98703 . 98696 ‚99977 ‚99978 
N= 6 . 85646 В .98151 . 98146 .99962 .99963 
N= 7 82341 97580 97576 99945 99945 
N= 8 79139 96999 96997 99927 99927 
N= 9 76046 . 96412 . 96411 . 99908 . 99908 
N=10 73063 95823 95823 99888 99887 
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HYPERGEOMETRIC EXPANSIONS FOR INCOMPLETE MOMENTS 
OF THE BIVARIATE NORMAL DISTRIBUTION 


By A. R. KAMAT 


Fergusson. College, Poona, India 


SUMMARY. Hypergeometrie expansions аго found for incomplete and absolute moments of 
the bivariate normal distribution. The use of incomplete moments in problems of truncation is 


indiented and a table of incomplete moments upto the weight four for different values of correlation 


coefficient is given. 


l. We have defined and obtained expressions for incomplete and absolute moments 
of the bivariate normal distribution elsewhere (Kamat, 1953). Thus the incomplete moment 


of the bivariate distribution was defined as 


[m, n] = | | /n (r. y) dx dy, ЕР, (161 
0 0 


(0,0) = 17 175 exp |- 20 (ca? 25). 


where 


anch it is the contribution from the positive quadrant to the absolute moment defined as 


e о 

(on, ny = f | lel ll" pe ) de dy. e @ 
-0 -0 

are useful in studying the distribution of random variates of 

elated normal variates. It may also be noted 

f the truncated normal distribution p(x, y) 

ments are given by 


The expressions for (m, 2) 
pa type @|ж, U | where а, % are corr 
that the expressions [m, n] yield the moments O 
defined as above for x 0, y >0. For in this case mo 


E EE "I 


in a result which is interesting mathematically, viz., 


2. In this note we first obta à; di 
form of hypergeometric series in рё. Thus 


alter à i 
alter native expressions for [m, n] and (m, n) in the 


o o 
[m, n] = E ee amy" p(x, y) dx dy 
V1—p* | | 
00 
= пазен م‎ | | a? y" exp (—a8—3*--2pxzy)da dy 
0 
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© © 


= m min] — p2) r++ | f e бези | ax dj 
0 7-0 
© 
— m- 21 -( ge inen [ v (жыен) hr 2 
a DET 21 E r( 5 S 


2 


l iomann] — ровна | pim) r(eH) хрен, n+l ik )+ 


2 Y 2 


oer (*32) т(®+) PÒTE, 8,27%) 


{ Fla, B, y ; ж) N ` 1)... (047—1) /(8--1)... (Erla 
ы PAP 2. ҮЙ «oe (ERT) mm 
Now since F(a, f, у ; £) = (I- =- F(y—a, y —f, y 30) 


we have 


[m, »] — gines ы) (ан) »(-" Я 


-Е2р 1 185 2) = hase }. *. (4) 


And summing up over the four quadrants we get, 


(т, т) = тааш) [eH »(-7 E i; p) (5) 
2 2 2 $3 . ee ы 


It may be observed that for m (or n) even, the first part in (4) terminates while for m (or ?) 
odd, the second part terminates. Hence we obtain a finite Series for [ w T ы 15 n 
is even and the other is odd, and a finite series for (m, n) if at least + Аа > io wee f 
Kamat, 1953, pp. 25, 26). one of them is even (c.f 


3. Since the incomplete moments are likel 


y to prove useful in "'unca- 
tion we end this note with tables of numerical va problems of tru 


lues of [m,n] f Ts f p. 
When one follows the moments approach for studyir 1 for different values of Р 


ng a distribution one dı t ordinarily 
go beyond the fourth moment. We have therefore given values of [m а for ыз <4 
р - А є 
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аца for p positive and negative at an interval of 0.1. They are calculated from the expres- 
Sions for |m, n] given in Kamat (1953). It is to be noted that [m,n] reduces to zero for 
P = —] for all m and т, and is therefore not tabulated. Secondly values of [0,0] which 
àre given here are also available in Karl Péarson's Tables (1931). (It may be mentioned 
here that the entry in Pearson tables for [0, 0] corresponding to p — 0.9 is not correct.) 


TABLE 1: VALUES OF [m, n] FOR m+n € 4 AND P = 0.1 (0.1) 1.0 
JJ eee 
P го, о] гі, о] [250] [L1] [$9] I21] [40] [31] [22] 
0.1 0.265942 0.219418 0.281778 0.184951 0.458584 0.241360 0.876688 0.398080 0.318768 


9.2 0.282047 0.239365 0.313255 0.212349 0.517029 0.287238 0.999585 0.487344 0.398174 


0.3 0.298493 0.259312 0.344041 0.241372 0.573081 0.337106 1.115017 0.585956 0.488864 


0.4 0.315495 0.279260 0.373842 0.272066 0.625541 0.390963 1.219549 0.693668 0.591494 


0.5 0.333333 0.299907 0.402249 0.304499 0.673215 0.448810 1.310122 0.810122 0.706748 


0.6 0.352416 0.319154 0.428811 0.338774 0.714905 0.510646 1.384217 0.934834 0.835339 


0.7 0.373407 0.339101 0.452970 0.375045 0.749413 0.576472 1.440062 1.067169 0.978033 


— 


0.646286 1.476937 1.206302 1.135674 


0.8 0.397583 0.359048 0.473978 0.413560 0.775544 
454769 0.792100 0.720091 1.495686 1.351126 


— 


9.9 0.428917 0,378995 0.490053 0. .309238 


1.0 0.500000 0.398942 0.500000 0.500000 0.797885 0.797885 1.500000 1.500000 1.500000 


— — o Еи 
TABLE 2: VALUES OF [m, n] FOR m+n € 4 AND P = 0.0 (—0.1) —0.9 


5 den] mor ыш ПП, Г eee 


0.0 0.250000 0.199471 0.250000 0.159155 0.398942 0.199471 0.750000 0.318310 0.250000 


0.134951 0.339300 0.161572 0. 
0.127662 0.500414 0.187345 0.141826 


—0.1 623312 0.248081 0.191232 
0.234058 0.179524 0.218222 


70.2 0.217953 0.159577 0.186765 0.112349 0.280855 


E 0.097741 0.384982 0.135956 0.101136 
| 0.201507 0.139030 0.155959 0.091372 0.224804 
Ett 126158 0.072066 0.172343 0.071810 0.280450 0.093669 0.068505 


-184505 0.119683 0. 
124670 0.040868 0.189877 0.000123 0.043252 


o. 5 
5 0.166667 0.099736 0.097751 0.054499 


.082980 0.031915 0.115783 0.034834 0.024661 


048472 0.017952 0.059938 0.017169 0.011967 


ыў, 
6 0.147584 0.079788 0.071189 0.038774 0 


=0. 
i 9.126592 0.059841 0.047030 0.025045 0. | 
0.022341 0.007979 0.023062 0.006302 0.004326 


102416 0.039894 0.026022 0.013560 


-071783 0.019947 0.009347 0.004769 0.005785 


JJ; NE. ÉL 0 
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0.001995 0.004314 0.001127 0.000762 
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The author is thankful to the referee who suggested the construction of these tables 
and to Shri A. G. Deshmukh, research scholar in the Fergusson College for computa- 
tional assistance. 
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INCOMPLETE MOMENTS OF THE TRIVARIATE NORMAL DISTRIBUTION 


By. А. В. KAMAT 
Fergusson College, Poona, India 
" SUMMARY. Expressions for incomplete moments of the trivariate normal distribution upto 
le weight four are given in terms of tho correlation coefficients and their use in some problems of 


truncation is indicated. 


. We have defined and obtained expressions for incomplete and absolute moments 
f the bivariate normal distribution elsewhere (1953). In that paper we have also derived 
expressi елф F А А Ба i * 

Xpressions for the absolute moments of the trivariate normal distribution, viz., 


oo o 
Шта) = f I I 1217191" lal? le, y, ®)Ч dy dz, 
-0-0 -6 

Where p(x, у, 2) is the trivariate normal probability density function with et) = (у) = 
6(2) = 0, and o(x) = o(y) = a(z) = 1 and with correlation coefficients ps. pis; Pes The 


ine . 
complete moments are defined as 


[l, m, n] = i f 7 al уй an pla, у, 2de dy dz, 
000 


on of the positive octant to the absolute moment 
da, т). The expressions for the incomplete moments were not given in the paper mentioned 
Cod as they were not of immediate use there. Tt is now found however ША шев formulae 

© useful applications. Consider for instance the trivariate normal distribution defined 
above, but truncated to lie in the region «> 0, y > 0,2 > 0. It is easy to see that the 


mor E es ; А ; 
ment expressions for this distribution will be given by 


and it i : 
hd it is clear that [L, m, n] is the contributi 


lun = ele: e = [0,0,0] ` 


n] upto and including IC n = 4, only. The 
nd I--m-+n = 4. Since however one hardly 
ion of , y, these formulae should be 


CEN ў 
" аге giving below formulae for [/. m, 
Pressions become quite formidable beyo 


0 и : 
oe beyond the fourth moment of a linear combinat 
Cequate for ordinary use. The method of derivation is outlined in the paper mentioned 


a г 
bove. In the following formulae usual symbols have been used. For instance, о = the 
2 


determi 
er i Е 
rminant of the correlation matrix 


1 рз Pia 
=|p 1 Pm 
pis P 1 


pe- PsP 


and F LED 7 
Piza = partial correlation coefficient = Vp) -e 
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List of Il, m, n] : 


[0, 0, 0] = (47) ( 5 sin-1 Hi sin - руз--8іп-1 pag 


, ] А W 
[1,0,0] — (ony? (2 eim Pog P12 ( 2 tain pa ) +1 ( 2 +sin i Puss) j 


[2,0,0]— (4л)! 12 +sin™ hi- ESsin-4 p,4-4-sin710,,-- c Pall g) 


+(2P12P13—Pog)(1 HD) +p13(1 — pis)? hill Hz)! | 


Р А : А 207 
[1,1,0] = (47) Бе { Prs( 2 ein le- sinp,- sin )ہوم‎ T —pi3--pa(1 —Pis)!++Paa(1 Hs } 


a3 
= 


[3, 0, 0] = Q7) * { 2 ( 2 sin Pass) T A o (2P12P13—Pi2 ra- pla раз)-- 


Yig „f) ( Le- bis) o9 p) (s +sin- Piwa) } 
-$ (азу 2 Y (7 81 s 
2, 1, 0] = (27) { prs+2.0 (2 Lein раа) + (14-р) (Zen- Pisa) + 
(028 L212 bia Papag) (Ze pa) 
-$ mM. 
L= Qn он (ups p (+ sin pana) | 
8 
[4, 0, 0] = (Am) {з (f+ sin pr sin", + sing) D © (1—08) „ 
-F2pss © (2—p3—pis 1.—p85)-3- pyo(5—2p?,)(1 = 


+ Pia(5—2pis)(1—pis)!++(1 — Ps)! (раё 2p, —5) 4р, 01308 -i — pis) ) \ 


T Q-- pi) „l) 


Раз Р®%)--(1—рї„)ЩЭрь,--Зруьрь— 2p}qhas) + 
42 5020018 C012 P33— 2012 Pog+ 2012 Різ 


[3,1,0] = (4л)-% {Зо ( 2 ein Jene ар айар) 


+o (1—pa3)7X(015-I-p15 Pos 


—Pis Past 201a оз — 2012 Pas №} 


2, 2, 01 = (4r) Cu- 25f0 (+ sin pra + sin png Hsin io) + Spal gy j 


+ (237-4915 P13—2 pts Рәз)(1 Re) (ois EA Роз 2025013) (l fe) 


[2,1,1 = GN нна азд аар) 4 


＋ 2012 C013 P23)(1 TAN PiPPa) 
ef Fei obl * 
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A NOTE ABOUT A FAMILY OF PERKS' DISTRIBUTION 


By JOSEPH. TALACKO 
Marquette University, Milwaukee, U.S.A. 
SUMMARY. It is well-known in tho classical theory of probability, that there exists some 


es, which differ from all known symmetrical distributions (Gauss, Student, 
5 of such distributions called ‘Perks’ function.” 


ı bell-shaped univariate dor 


Cauchy, ote.). This paper is concerned with a cla 
So fur only two particular cases are usually discussed, tho logistic and the hyperbolic secant 
distributions. Hore, tho characteristic function is introduced for the whole class, the properties, 
moments and meaning of parameters is discussed and the logistic and hyperbolic secant densities are 
shown as the borderline case. In spite of the great importance and usefulness of the Gaussian- 
normal distribution, these distributions have found wide applications in statistical practice. 


|. PERKS’ SYSTEM OF DISTRIBUTION FUNCTIONS 


The original formal Perks’ function was written as 


mi n 
h(x) = $ Ge/ Ы," e) 
r0 т=0 


In-this general form, this funetion has not been 


where 
where 4% b, and c are real parameters. 
—] and n = 2, with c — e-1, For 


Studied extensively. The actual applications are for m 
example, for 4 = 0, m < l and n < 2, we have a class of asymmetrical distributions which 
May be written as 
-T 
"T s (1.2) 


Ayr) x by Bie EBU d 


1 А ; а di 

Symmetrical forms are of greater interest. In particular, one family has been studied 
s > g i 

extensively, If in (1.2) bo = Bs and k = D,, we may write 


Y ens Ау ___ 
h(x) = [WEN NN = 


Written in the form of a probability differential, we have in the probabilistic notation 


cd. ‹ 
Aga) == Ci = SUPE vee (1:8) 


ed variable; x is the mean and ж the standard, non- 


Wher : 
here a; = (r—p)/x is the standardiz be : 
is a probability density constant and 


Normal; 5 н ee А © 
.ormalizeq parameter of this distribution. The 


А А TT ] 29 
—2 а real parameter. A density exists for all real k > —2. 


с 


In the classical probability theory two particular cases are known, and applied 
an Statistics (Paul Levy, 1953; Perks, 1932; Talacko, 1948). 


(a) For k= 0, we have the p.d.£. and c.d.f. as 


2 lL =| sech х "EU. 
g (2) = n gepe” mecosha 7 es 


1 um 2 
di) = Hes are tanh (sinh a). ex (S) 
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This function is known as a distribution of a hyperbolic secant or cosine. 
(b) For k = 2, we get the p.d.f. and c.d.f. as 


ee 1 


— 1 
l+e-*)? e EA 


X 
= 1 sech? 5» 


g(x) = ( 


dar) == Ince = 44-1 tanh л. 


'This has been called the logistie distribution. 
2. PROPERTIES OF PARTICULAR CASES AND COMPARISONS 


Let us have one family of the distribution (1.3), for 0 < k <2 


ME с 
ex) = “тие: 


'To show the properties, we will find the ch.f. 
o» 


Eyez) = lx, v) = f give dF (x), 


-o 
which in our case (2.1), with Ё = 2 cos , is given by 


© 


сто % 
05,7) =e f АР 7 осу 7 
T9 cos уу o£ Y S є p 
d EEE pod 

en е Р) 

C(v, v) = c f TAT 


I (CFAE) 


and the corresponding contour integral 


Ih) = lx, =o e ear 
| Tele) 
After evaluation and simplification, we get the (ch. .) in elementary form 
Ole, u) = б-т sinh (уо) 
sin y ' sinh (ло) 
as a function of y. 


For 
lim C(z,) = lim en. sinh yw ЗА 
2-20 290 siny’ snm ~b 
sin V 
68 Б 
y 
and finally Ola, v) = 7 Sinh (yr) 


y sinh (mv) ` 
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(1.6) 


(1.7) 


. (23) 


(2.4) 


(2.6) 


(2.7) 


(2.8) 


А NOTE ABOUT A FAMILY OF PERKS' DISTRIBUTION 
From (2.8) we find ch.f.’s for all distributions (1.3) : 
(a) For -2<k<0 


t ta p) — 7 sinh (yr) [х „ у 5 
E СКС e (Q9) 


2 


(b) For * > 2, using = i0, we get 


„%%, v) = 7 , Sin Ov 20 
Mod d c m un 


The ch.f, for the hyperbolie secant distribution (1.4) we get, as a particular case of (2.8) for 


H> п/э, 


C(x, v) = sech (7v/2). 7902 Ш) 
Тһе ch. f. of the logistic distribution (1.6) for 7—0 is 
Cs, v) = -~ 7T"  — mv . cosh то. x (2:12) 
" sinh zv» 


The ch.f.’s for the random variable т = („ a) in (1.3) are 


Ci. v) = e" sech (z2v)/2) ss. (213) 
and 
Ce, v) = e" mav cosech (mav). «3 (2:314) 


These may be compared with three classical distributions : 


(a) Normal, where for T = (2—/)/9, 


Ox (x, v) = exp (ipo —02v*[2), (2.15) 
(b) Double exponential 
Орк(а, v) = SES, ... (2.16) 
апа 
(c) Cauchy, 
auchy. asa (2:17) 


C(x v) = exp ((uo—a|v]). 
The natural parameter for the normal distribution is бу, for all others is æ as ihe basic unit 
interval, Of course, for the hyperbolic secant and the logistic it is possible to introduce also 
the random variable 
% — 
m — — 


VII, 2 
Which te od lard variable. 
We may call a “normalized” standa 


The “standard” moments for the hyperbolic secant are given by the Euler numbers 


zA. = [Parl 7 = 1,2, OPEM 
a 
"d. for the logistic by 
Aor = 2.3(2?-1—1) | Borl, 
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where Ber are the Bernoulli numbers. This is interesting in comparison to the normal 
distribution, with 


2r)! 
Vr == e E 


and to the double exponential where 


DEA. = or" 


For the Cauchy distribution, these moments do not exist. 


In particular we have 


standard normal logistic hyperbolic double. 
moment secant exponential 
A4 3 4.2 5 6 
Ав 15 39.86 61 90 
4. THE PROBABILISTIC MEANING AND THE DIVISIBILITY 


Let us take as the basic population the double exponential 


distributi ith p= 0 
and x =1, with df. and ch.f. puni 


dF (ж) = 3 ell da, 


(3.1) 
1 
Qs, d) e ee 
(2, 0) lc» 
Let the random variable X from this population be defined by 
Х = I- E. . d- " -— (3.2) 


One may construct a set of sampling distributions from this population зу 


: e hich includes the 
normal, hyperbolic secant, logistic and others, if а, 


(lers di, are specially chosen infinite 


sequences. 
(a) Let а= d . = а, =... 1/ Vu. We have 
Vn X = Ў а, 
2-1 
The characteristic function 
OX, v) = П 0 *. 2 js d me d EE 22 \-п 
ra ж A guum = im (145) ehe. Bn 


Wo get the normal distribution, where Vn is a most 


important number "malizing 
the result. ber, norm 


(b) Let a,—l[n.r—1,2,3... Then 


nX = $ 2, 
T=1 
A, 2) = li ( eya 
j= En 145 [^a (3-4) 
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We get a single point-degenerate distribution. 


(c) Let a, = 2/a(2r—1). Then we get 


X = (fm). Gi 4-25] - s] 8... [Br — 14-.-.). =- (85) 
The characteristic function of such a random variable is 
" © s 1 2 
О(Х, в) = I At = I wo к 
ms U G % Өс ET Эр ў cosh v e+e” G8) 
т?т—1 


i a 
The inverse Fourier transformation gives the probability desnity 


Ze qv = } sech (лї). (3.7) 


D = 
e +e v 


Bie = pH) - | 
=@© 


A i H + H H * 
This is a classical example of an exception to the central limit theorem. This theorem 


requires that Ў S 02400, for r—00. 


T-1 


© 
But here X 8? = 1 because 
Tel 


Q 8 Li | 
Ў 2 = 1 oe] 
mj qe | Tg tg iB 
wn of the variable is indeed bounded so that 


Where (...) = 72/8. In many applications, the s 
observations. 


Such restrictions are natural and have а physical correspondence in many 


(d) In (3.2) let a, = l/r- 


Then Х = typte 2t t3 H talt+H. . Fr Er, 
and Р S oni. Es Tt ( т i" 
С(Х, v) = a C (an 5 ) x: E: 
= = 2mv no. cosech mv. (3.8) 
en. ("v 


the density function is defined by the relation 
пен) = gas we (89 
g(x) = E (e) = (pe? (3.9) 
ib is the logistic distribution. 
1 (e) Similar' y, in the same way, 
ч Secant and the logistic distribution. 
bat the infinite product 


it is possible to show the relation between the hyper- 
From the theory of infinite processes we know 


П cos 2/2" = sin aja. (3.10) 
7-0 
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If we take ia as the variable, this becomes 


I cosh z[2* = sinh 2/2. 
T=0 


In the hyperbolic secant population, let the random variable once more be a countable set 
X = aye d- ages... Lay... 
where a, = 1/2’ for r = 1,2,3,.... Then 
С(Х, v) = C(0) . Cs(v) . Gy... 


88 d . 5 D 
and after substitutions (X, v) = д 1/cosh fan % (B0) 


This is nothing other than the (c.f.) of the logistie , with the density 


1 
(ж) = 1916 о 


The relations between the hyperbolic secant and logistic are simply 


ёч E ED 3.7 08 то 

іа) = "TATE sech ж, C,(v) = sech 7' М 
palz) = - 1 кур ш e 1/4 sech? ® , o (0) = mv cosech то 
3 2-е (FeFe 2 7 i 


If we take the variable as , Cs(ar, v) = v cosech v. 


Let f(x) = ca/sinh x. This is a new distribution with ch.f. 


Cale, v) = CIC). Cv) = О. sech? ^7. .. (3.12) 


We may write the convolution 


Fal) = б [ sech y sech (w—y)dy. Ё 
-%0 
The result : palt) = 2x . cosech x. . (3.13) 
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RECENT EXPERIMENTS IN STATISTICAL SAMPLING IN THE 
INDIAN STATISTICAL INSTITUTE! 


By P. С. MAHALANOBIS 


Indian Statistical Institute, Calcutta 


INTRODUCTION 


I was naturally gratified to receive in March 1946 an invitation to present a paper 
before the Royal Statistical Society during my visit to London. I had collected some 
material for this purpose and had written certain portions of the paper when I was suddenly 
obliged to leave India at the end of April to attend. a session of the United Nations Statisti- 
cal Commission in New York. Owing to unforeseen difficulties and pressure of work in con- 
neetion with the Royal Society and Empire Scientific Conferences in London in June and 
July, I had no time to finish the paper. It was not even possible to cireulate the tables 
Which had to be presented before the meeting in a mimeographed form. greatly appre- 
ciate the kindness shown to me in relaxing the rule about submitting the written paper in 
advance, and secondly in arranging the present meeting during the closed session. The 
present paper contains the observations made at the meeting as well as certain portions 
of my original notes. I acknowledge with thanks the help I have received from my young 


colleague, Prasad Banerjee, in putting this paper in its final shape. 


This paper has been deliberately named as “Recent 
Experiments in Statistical Sampling in the Indian Statistical Institute” to make it clear 
that I had no desire to speak on sample surveys in general, or to make any attempt to give 
an account of the many interesting and significant developments in statistical sampling 
which have taken place л recent years outside India. A large RUE of, ораз have been 
published on the subject in statistical and scientific journals, and Dr. F. Yates, in the paper 


recently presented before the Royal Statistical Society, has given a comprehensive review. 
around covered by others. The aim of the present 


It is not necessary for me to touch © } | 
Рарег is to draw attention to certain experiments in statistical sampling conducted during 
the period 1937-45 by the Indian Statistical Institute, of which I am the Honorary 


Secretary У 


Restricted scope of the paper. 


the 


Tt will be convenient if I give at this stage a brief 
account of the Indian Statistical Institute itself, as this would explain the set-up in which 
The Institute was inaugurated on December 17th, 1931, and was 
28th, 1932, as a non-profit-making scientific society. Work 
ne total expenditure in the first year (1932-33) was about £40. 
tarted in the second year, which later developed into re- 


The Indian Statistical Institute. 


Ше Work was done. 
formally registered оп April 
began on a small scale, and tl 
Special courses in statistics were § 


gular post-graduate training classes. Research work was also begun, at first on a part-time 
" ate training 


Journal of the Royal Statistical Society, volume 109, 


inally appeared in ihe 
ssion of the Royal Statistical Society—Editor. 


This paper orig z 
Part 4, 1946 and is being reprinted with the permi; 
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basis, but later with the help of a whole-time nuclear staff, A scheme for conducting 
examinations and awarding certificates of proficiency for computers and statisticians had 
been prepared in 1935-36 which was brought into effect from 1938. In 1941 the Institute 
helped in establishing a post-graduate department of statistics in the Calcutta University 
offering whole-time courses for the degrees in Statistics of M.A. and M.Sc.; and the actual 
teaching work was done in the Institute itself by a practically joint Institute and University 
staff. Ad hoc enquiries on a small scale were being undertaken from 1935, but project 
work began to develop on a large scale from 1937 with the initiation of a scheme for Improv- 
ing the forecast of the area under jute in Bengal. The project side developed rapidly during 
the war, as the Institute had to undertake various statistical enquiries and surveys on 
behalf of Government Departments. In 1945-46 the total volume of employment was 
about 750 man-years, divided about equally between the statistical and field branches, 
and the total expenditure was of the order of £100,000. Excepting for a comparatively 
small research grant of about £4,000, practically the whole 
the form of contract grants from Government Departments for Specific enquiries and projects. 
It is interesting to observe that the machinery was practically the 


of the income was derived in 


same which had deve- 
loped independently in the U.S.A., where large schemes of Statistical investigations rolating 
to the war effort were being done in different Universities ànd scientific institutions with 
the help of contract grants from the Government, 


Conditions of work. Several points deserve to be emphasized. Each project or 
enquiry had definite practical objectives which were laid down by the client (usually а 
Government Department); the permissible margin of error of the results was broadly 
indicated; the enquiry had to be conducted in accordance with a definite time schedule so 
às to enable interim or final reports to be Submitted by particular dates; the whole work 
had to be done within the limits of an all-inclusive contract grant, so that any excess of 
expenditure would mean a financial loss to the Institute. Finally, owing to difficulties 
created by the war situation in North-east India, the human agency and the organizational 
side of the project had to be very carefully planned, and usually the field survey had to be 
carried out under great difficulties, The research that had to be undertaken was naturally 
of an applied type. Nevertheless fascinating theoretical problems were continually arising; 
some of which were and are being tackled on fundamental lines. In preparing the design 
of each sample survey the three most important considerations thus were time, cost, and 


the human agency—all, of course, in relation to the most important factor of the permissible 


margin of error which was usually stipulated in advance. 


Statistical engineering. In the present paper I have very much in mind those 


problems of organization which arise when a sample survey has to be carried out on a very 
large scale. The difference in quantity is so great that it brings about practically a change 
in quality. The manufacture on a commercial scale of a chemical gives rise to problems 
of an entirely different type from those which have to be solved in small-scale working in 
a laboratory, and the difference is so great that we give expression to it by calling large-scale 
than of pure chemistry. In the same 
way large-scale sample surveys may be appropriately called statistical engineering. A 
good deal of the present paper is in fact concerned with statistical engineering rather than 
the pure theory of sampling. 


production a matter of chemical engineering rather 


e 
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GENERAL OBSERVATIONS 


The sample enquiries discussed in the present paper fall into two broad types. А 
great deal of work has been done on sample surveys on an extensive scale covering whole 
provinces (50,000 to 140,000 square miles in extent in the same season), in which the object 
has been to obtain reliable estimates of the acreage, rate of yield per acre, and total produc- 
tion of important food and fibre crops like rice, wheat, jute, ete.; and of economie or demo- 
graphic factors relating to indebtedness, unemployment, destitution, paddy land, plough 
cattle, birth rate, death rate, cte., of rural families. For such work the technique used has 
always been the area or grid method, in which comparatively small sampling units (of area 
acres to one square mile) were located at random, and infor- 
mation was colleeted for each sample-unit by direct physical inspection or investigation. 
Estimates for districts (about 2,500 square miles or so in area on an average) or the province 
aS a whole were then obtained directly by multiplying observed averages by appropriate 
multiplying factors (equal to the ratio of the total geographical area of the region to the 


9r size ranging from about two 


total arca covered in the sample surveys). 
In a second type of work the enquiry was more localized, and related to cost and 
level of living housing, consumption of food, clothes, ete.; preferences for particular types 
g, sing, 


of commodities; reactions to radio programmes; public opinion on various subjects, etc. 


TERMINOLOGY AND CLASSIFICATION OF SAMPLE SURVEYS 


Before proceeding further it will be convenient to explain E terminology and 
classification of sample surveys. In the area method the smallest physical element which 
can þe separately surveyed is called a quad. Typical examples are а single plant for deter- 
mining the yield of erop; a single family or household (having food from the same kitchen) 
for ascertaining the cost of living; or a single individual in anthropometric or blood-group 
Surveys, The whole region or field to be surveyed may be then considered to consist of a 
Very large number of such ultimate physical elements or quads. 

Sampling may then proceed in two different 


Quad and configurational sampling. Д А 
2 1 may be adopted as the sampling unit, or 


Vays. The ultimate physical element or quac 
® group of such elements taken together may be used as the unit for sampling; these two 


types are called “quad” and “configurational” (or “grid” or “oluster") sampling. The grid, 
In the area method, consists of a suitable number of adjoining quads i ultimate physical 
Units, For example, in crop surveys in Bengal it was found that а suitable sampling unit 
Was a grid of square shape and size 2.25 acre. Each grid thus consists of a compact group 
SR adjoining quads. 

Tt must be noted, however, that the sample unit may also consist of quads separated 
from one another, but in a fixed spatial configuration—for фаш, 4 quads at the ganan 
ы Square of a given size. It is convenient therefore to distinguish Between. the "ER 
and the “‘dlnstan** and restrict the former to à compact group of adjoining URL une, 
aad the latter to other types of configurational sampling is an quads are not adjoining 

Ut are arranged in 9 particular pattern in one or two dimensions. Every n-th individual 
unit in a linear series Would also in this sense be an example of cluster or configurational 
Sampling, From the present point of view all sampling methods may then be characterized 
as being of either (1) of quad, (2) of grid, or (3) of cluster type. 
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7 and non-zonal. The important point to be noted is that all the es 

арбат аё random. But this can be done in two ways—namelv. distributing 

v s le units over the region under survey as a Whole, or by fir 
the samp. 


st dividing the whole 
3 sub-divisi 3 or zones 

region i it number of sub-divisions or 

egion into a suitable 


Й allocating a suitable number of 
: i b re m 

ing such sa з, grids, or clusters at rando 

= 7 nd then locating such sample units, grids, or c 

nits to each zone, ar 

sample u 


i — 1 2 ing 
à h zone separately. "This gives rise to two types—namely, (1) without zoning 
within eac f 
or non-zonal, and (2) zonal sampling, 


Multi-stage. So far methods have been consid 
located at random in one single stage over 
In many enquiries this method с 
estimating the rate of yield per 


ered in which the sample units are 
each zone or о 
annot be used because o 


acre of crops it is usual 


ver the whole area under survey. 
fits high cost. For example, in 
y necessary to proceed by stages. 
adom; within each select 


ed zone a number of 
within each village 


So selected a number of fields are 
selected one ог 


villages are next selected at random H 
then selected at random; and within each field so 
finally located at random. In this method the act 
one single stage, but in successive Stages. "The coy. 


takes place repeatedly over smaller 
multi-stage. 


more sample cuts are 
s E : ч Б in 
of randomization is performed, not in 
erage о 


f the process of randomization 
and smaller reg 


ions. This type of sampling is called 
Replicated networks of sample units, 

field under survey) may be collected in one sing 
tion may be collected Separately for t 
network would give an independent es 
immediately measures of the over-all 
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Information for each zone (or for the entire 


` sample units: or the informa- 
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information for a single quad in each locality. It is therefore usually arranged to use a 
grid or a cluster—that is, a group of quads for investigation in each locality visited by the 
investigator. 


Cost function. Large-scale sample surveys are necessarily expensive, and considera- 
tions of cost are therefore of great importance. 


As already noted, in surveys covering large geographical areas the cost of field 
operations depends on the time required for actual enumeration or investieation and the 
time required for journeys from one sample unit to another. Collecting information for 
grids of a large size would naturally take more time, Tf grids of a large size are used, then 
the total number which сап be surveyed must ba necessarily small. Grids of a large size 
would be thus more widely scattered, so that the time required for journeys would be larger 
for each journey on an average, but there would be fewer ane to cy W C" 
with grids of a small size it would be possible to use a 5 „ 
distance apart would be less. The time for journeys on i aes eii Moe D 
number of journeys would have to ps ape 1 Uam within : fixed budget 
depends on the size of the grids and their Panos 155 tal uber must also be e 
this means that once the size of the grids is settled, their total nun 


mined by the budget limit. 
H н, 1 V 
In enquiries which are geographically kd Reape Ны ae tie Ba aiios Te 
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n every large-scale enquiry 
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Variance function. The variance of grids or sample units decreases as 
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Two points are worth noting. The above approach is indispensable when pen 

tions is sufficiently large, and individual grids or sampling units are so w idely 
Ы 5 that an appreciable amount of time and cost is ineurred in journeys between 
bur 2 ея units, or when а large number of investi 


igators are employed for the field 
survey so that the cost depends materially on the way in which the field st 


Secondly, such large-scale sample surveys usually give rise to many problems involving the 

9 : Я А 4 a ра 8 x 
human ene which have engaged the special attention of the Indian Statistical Institute 
for a long time, and to which more detailed references have been made in later sections. 


EXPLORATORY (or SEQUENTIAL) DEVEL, 

The planning of a sample survey thus has several aspects—n 
stratification; (2) size of the grid or sample unit; (3) arrangements for replication; (4) density 
or distribution of grids in different Zones or strata; (5) preparation of forms and schedules; 
(6) structure and organization of the field staff; (7) arrangements for the statistical proces- 


sing of the material, etc. It has been explained above how the efficiency of the design of 
the sample survey can be maximized from joint considerations of M 
tions. To use such methods it is necessar 
functions. Other relevant information re 
is also of great value in pr 
of such information the 


aff is organized. 


OPMENT 


amely, (1) zoning and/or 


ariance and cost func- 
to have previous information about those two 
lating to the region or universe to be surveyed 
eparing the design. In fact, the greater the amount and accuracy 
greater is the possibility of reducing the cost of operations. 
When absolutely no information is available, and yet the survey 
ingle operation, there is no other alternative but to use unrest 
without zoning, or with such zoning or stratification 
a purely organizational point of view, 


has to be completed 


ricted random sampling 
as may be considered convenient from 


available, Also, especially in large-scale 


year to year or at suitable intervals. It 


which a sample survey is 
є n à very small scale w. Y object of collecting basic informa- 
u required for preparing ап efficient desi ` later surveys. Sometimes such preli- 
minary surveys have to be carri an once, and the scale of operations із gradually 
increased until finally the s area or universe ig fi . For example, in the 
Bengal crop survey a pilot Survey was first carri i ering only 124 g es miles 
ata total cost of about £1,100. In 1938, a second Survey was organized. in the ht of the 
experience gained in the previous Season, on a larger scale covering ae 400 square miles 
at a cost of £2,500 next year the tota] area covered was nearly 2.600 Square miles at a cost 
is yo me PN eis covered was nearly 20,600 square miles at а cost of £8,100; 


whole jute tract of Bengal, measuring about 60,000 Square miles, 


tion n 


hole 


Was surveyed at a cost of £10,100. 
In the exploratory Stage the object is to gather ag quickly as possible some rough 
idea of the variance function, cost of Operations, type and nature of man 
to be suitable for the field Work or fluctuati region to another (le., the distribu- 
tion over Space) of the elements Or statistical variates Proposed to þe tates 
survey. An intensive study is often essent ; 
mile (or per unit) is therefor sari 
the design of the Survey 
quent surveys. 


agency likely 


^x = ыл» € 
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ing PS. ; = Карен aa : Ex BEIC boo was done in only two districts cover- 
«cir pei weed à: | m eS rom February to Ар 1944. As conditions were found in 
aeons 15 7а : Lis 1 Bengal; it was possible to organize a full-scale provincial crop 
July p" ss pes. а paut 70,000 square miles in the next crop season extending from 
Tn the next survey i y? ` гав Survey Wen however, admittedly weak in certain respects. 
erop жый. | - 8 main winter rio sanson from October to December 1944 the Bihar 
ES ЫЫ i 4 a pipes ever, fully organized. This shows that where previous experience is 
s possible to expedite the exploratory phase. 


Бы, a is Е ч to employ a large number of staff in 
Consists of about 350 workers uh RE е we 155 1155 3 150 fer 
of inspectors and supervis д, Et e us т 115 Qus) W 
ا‎ pervisor at the top: The total statistical staff in the Institute for 
Бї in pee peg technical work consists at present of рош 375 workers inclusive of all 

945-40. Giving necessary training to the staff is an important part of the work, 


and takes ; : 
akes a good deal of time. The exploratory approach is often convenient from this 


Point of view. 

enquiries also it has been found extremely helpful 
and then make final arrangements in the 
and schedules, staff 


In socio-economic or demographic 


to 

conduct a s - Е 
luct a small-scale preliminary enquiry; 

A pilot survey enables forms 


light 
ght c ак" М 

f the experience gained thereby. 
roughly worked out in advance, and often saves 


organizati 

m zation and other details being tho 
8 cost many times over. 

s which are repeated from season {о season or from year to 

of course, continues all the time. As 

e as in sequential tests. Advantage 


ign of the survey. As information 


year am r ee survey à е 
pointed er seg development ot technique, 
is taken of ; | А. W ald, ‘ths underlying logic is the sam 
аи ваа information in preparing the ы 
S, the efficiency of the survey continues to impro 

s и DE surveys. A special form of the exploratory approach also deserves 
forecastin ei an actual example. In 1941 it а to бетар е method for 
to 40 ы к: yield of cinchona bark in es dm 1 x € наг cov oe pu x 
umher - n the firs& survey a number of phy E measurements, P e girth, height, 
Picked shoots, surface area of the plant, ete., were made on а number of standing plants 
mined ы at random. These plants were then uprooted and the yield of bark was deter- 
the yiel ^ each plant separately. Coefficients of correlation were then determined between 
height 7 of bark and the different physical measurements. Three measurements—namely, 
Were sele the plant, girth at a height of 6 inches above ground, and the number of shoots— 
е then cted for final use. A number of plants in the particular block under survey сап 
fron Picked up at random and these three physical characters measured for each plant, 

alues of these three characters for the block 


as a whole can be 
t, however, uprooted 


ve from one survey to another. 


1 whi 
hich the average у 


detepm; 
ermined, TH and no direct measurements of bark 
4 ле plants are no 0 Zi 


of plants in the block can be 


Yield 
ar 
deter, Te made during the second survey. (The number 
"m 5 К а x Я 
: Ined, if necessary, by à subsidiary survey on à grid basis.) Using regression equa- 
arvey, it is then possible 


tions b | : 
n determined in the first sv 


0 esti ased on the coefficients of correlatio 

mate the total yield of park for the block as 
example, in forestr 
Various other po 


a whole. 

: 

Such methods have been used, for y work in the U.S.A., and 
ssibilities are of course 


lay 
e he 
en : Я 
sometimes called “double sampling.” 
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open; recourse may be had to triple or quadru 
work may be suitably called the method of m 

fully distinguished from multi-stage sampli In La 
о td of concomitant variations. The statistical relati 
a. is first determined by a preliminary sample survey 
Estimates are then prepared for one of the variates by 
estimates for the other correlated Wies are then caleu 
determined regression relations. A айар ex 
In the Indian Statistical Institute the weig 
immediately after harvesting are recorded 
of cases (of the order of 10 per cent) 
fibre extracted and its weight 


ple or a-ple samples, so that this type of 
ultiple sampling (which is, of course, to: be 
ng). In one sense it is really an extension 
on between two (or more) 
Or a series of such surveys. 
à second or subsequent survey, and 
lated with the help of the previously 
ample occurs in crop-cutting experiments. 
ht of green plants of jute or the weight of paddy 
Оп an extensive scale, In only a small fraction 
; the jute plant is steeped in water, retted and the dry 


determined directly, or the paddy is dried, husked and the 
weight of rice measured Separately. "These auxiliary measurements sery 


regression relation between the weight of green plants of jute or the 


diately after harvesting and the yield of dry fibre of jute or of 
Which can then be used to estimate th 


weights taken immediately after hary 
enormously without any appreci; 


e to supply the 
weight of paddy imme- 
husked rice, respectively. 
final yields from the more extensive 


Procedure simplifies the field work 
in the final results, 


esting. Such 
able loss of precision 
Such methods, i 


n which the estimates m. 
tions determined in earl 


ade in later 
ier Surveys, may 


Surveys 
perhaps be called“ 


are based on correla- 
‘covariate sampling.” 


PLANNING OF SAMPLE SURVEYS 
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point of view is, 
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of the human agency: 
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(American Sociological Review, 
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for present purposes 
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Vol. IX, No. 4, August 1944, pp. 359-369). 
ultimate usefulness of а Survey, 
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U.K. In the Indian Statistic 


al Institute 


great bulk o 
in which these probl 


eld in the U.S.A. and 
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CLASSIFICATION OF ERRORS 


Very early it became clear that mistakes committed in the compilation of primary 
data and, to a less extent, at different stages of processing the material, were equally or 
even more important than errors of sampling. Continuous attention has had to be given, 
therefore, to this aspect of the problem. Faults in planning (including defects in the design 
and technique of sampling, the preparation of questionnaires and field schedules), as aslo 
mistakes in the final analysis or interpretation, belong to the purely scientific апа technical 
level of the work, and have been kept out of the present discussion, The remaining 
Sources of inaccuracy have been usually considered in the Institute under the three broad 


heads described below. 

Sampling variations, which have to be considered by familiar methods of theoretical 
Statistics, The large sample theory (based on the normal distribution) has been naturally 
used most extensively. Observed frequency distributions are, however, sometimes definitely 
non-normal in character, and special forms have been or are being investigated in certain 
The logarithmic (for example, in crop yields) or square-root transformations (in 
Certain economic and demographic studies) or truncated distributions (for example, in 
studying the correlation between weight of crop immediately after harvesting and weight 
of grain after drying) have been found useful. The subject, however, deserves and requires 


Cases, 


extensive investigations. 

Recording mistakes have been usually considered under two sub-heads: mistakes which 
Occur either through bias or personal equation of the observers or gross negligence or even 
deliberate dishonesty on their part; and mistakes which arise at the stage of compilation, 
classification, tabulation, computation, and final analysis and presentation of the material. 
Both types have been investigated in considerable detail in the Statistical Institute, and 
à great deal of attention is still being given to developing methods for controlling such 
recording mistakes. 

Physical fluctuations. It has also been found that for every element (ог quantity) 
Sought to be estimated by the sampling method there exists a normal margin of physical 
Uncertainty, which is à characteristic feature of the element under survey. For example, 
It is believed that wheat increases in weight by as much as 4 us эре cent by the 
Absorption of moisture during the rainy season in à dry province like Sind. Traders, in 
fact, move the grain by railways at such times that he gain accruing from pen increase of 
Weight practically pays for the cost of storage and freight. In this case the exact meaning 
of the term “total production of wheat” has to be carefully specified. But even when bo 
has been done, a residual margin of physical fluctuations of the order of probably 1 or 2 
Der cent would still remain. It is clear that no useful purpose P be 7 E trying 
to reduce the sampling error to à value below the margin of such physical fluctuations. 

CONTROLS AT THE STAGE OF STATISTICAL PROCESSING 
Output and mistakes occurring at different stages of copying, compilation, or 
lied in considerable detail. For this purpose, com- 


цор 3 

?rical computations have been stuc 

putations have eee # Б s 

Putational wo я has been broken down into а large number of jobs or items with standard 

TK h Я " s a 

Specifications such as copying three-figure tables, adding four-figure quantities, squaring 
š uch a o 

hr ey te 1 t more than ten classes, etc. For 

Tee-fioure entries, preparing frequency tables with no a asses, 


“ach item, st andard rates of output have been worked out, as also permissible limits of rates 
» Standard rates à 
mistakes, For each item standard rates of payment have also been set up. A daily 
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j t is kept of the item, time Spent, and output for each computer separately, and 
"s Mont on Hollerith cards and tabulated for the valuation of the total work done 
hese are 2 

by each computer in each month. 


Individual differences are also studied, which enables inefficient ах ч 
weeded out on an objective basis, and work to be distributed among different. wor s 
a suitable way. (Some workers were found to have such high rates of mistakes Pu cm 
net valuation was negative, showing that а premium would have to be paid to the peor 
for employing them.) The advantage of the above system is two-fold. Tt Supplies a ува 
fic method for controlling mistakes at different Stages of the Processing of the primary 


material. It also supplies a sound basis for cost accounting, which is a characteristic fea- 
ture of work in the Institute. 


al work it is necessary, of course, to take into con- 
but also the number of mistakes committed. The 
î of mistakes is simple in principle, Each mistake 
мге in correcting it; and, in theory, the deduction 
In practice the matter is, how- 


ever, complicated, but the subject is being studied, and attempts are being made to set up 


standard procedures. 


Sub-samples in statistical analysis, 
Sometimes found convenie; 


à number of Sub-samples, 
order in which these 


In large-scale computational work it has been 
nt and useful to carry out the Statistical analysis in the form of 


d Consecutive soria] numbers in the 
are located on maps or picked up for being included in the survey. It 


& number of independent random sets by 
unbers, ог with 


analysis 
ree distinct advantages. Firstly, 
Y quickly, which is sometimes of great 
e results of different sub-sets often 
lure or in calculations, Finally, 
-all or effective margin of 


help to administrators, 
gives clues foy the detec 
results for different Sub. 


Secondly, 
tion of gr 
Bets Supply 


Controls in mechanical tabulation, y be mentioned here that during the last 
two years a great deal of the Instit гог The Institute has at 
present a full equipment of Hollerith ei 
with a battery of abou 


reproducing punch. In the Hollerit 


: е ine ol. system cach can › and then passed a second 
time through а verifying machine operated by a qi 


i aot lg wo — ылу дшш 
there was some difficulty in getting the Verifying work done with proper care. A simple 
but effective Statistical control has bee which ig probably Voti mention 
ing. A concrete example will make the method clear, (y sider the Procedure for checking 
the accuracy of Punching of say 10,000 cards, A Suitable number (say 100 or 200 or 500) 
of punched cards are withdrawn from the s 


еб ab random, A ummy set of an equal number 
Of test cards are punched deliberately With mistakes in assigned columns; and this second 
; s 


Set is substituted for the first set at the appropriate places. he whole set of 10,000 cards 
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is then verified. It is clear that, if the work is done properly, then the set of (100, 200 or 
500 as the case may be) test cards must be rejected at the stage of verification in the exact 
order of their seria] number. Besides the test cards it is possible and likely that other cards 
also would be rejected; but the test cards must come out in any case. This supplies a good 
foolproof check at the stage of verification. 


Eflicieney at the stage of processing. Generally speaking, the basic problem may 
be stated in the following way. A given volume of computational work (in the most general 
Sense, including Scrutiny of primary material, sorting, tabulation, statistical analysis, check- 
ing, ete.) is required to be done. The problem is to organize the processing work in such a 
Way that it can be completed with maximum accuracy in minimum time and at minimum 
cost. The subject is important and fascinating, and attempts are being made to study it 
as far as possible along with the regular work of the Indian Statistical Institute. Valuable 
Information has been collected and indications for future investigations have been Secured, 
but it has not yet been possible to tackle the problem on fundamental lines for lack of 
resources, 


ILLUSTRATIVE EXAMPLES 


I shall now try to give some idea of the kind of information which it has been possi- 
ble to collect by the method of statistical sampling in recent years. It is quite impossible, 
eco. to give a detailed account of the numerous enquiries undertaken by the indian 

stical Institute during the last five or six years. I have therefore made a selection 
of typical examples which are likely to be of interest outside India. The use of replicated 
networks of samples (in which information for each network is collected independently by 
‘lifferent Sets of investigators) has been a characteristic feature of the work in the Institute. 
Tt ineluc les as a special case the same sample being surveyed twice or more often by indepen- 
dent investigators, Such methods have been used very successfully in furnishing estimates 
ot the Over-all margin of error, and I have intentionally laid stress on the use of replication 
4 Choosing my examples, 


CROP SURVEYS 


А This is tho field in which the largest volume of work has been done in the Indian 
Statistical Institute. An account has been given elsewhere (Philosophical Transactions, 

584) of the general development of work which took place from 1937 to 1941, in which 
Year а Sample survey of the area under jute was carried out throughout the province of 

engal, The survey of jute acreage was repeated in 1942. Although by that time, owing 
3 Japan's entry into the war, the food situation in Bengal had already become difficult, 
erm Completely to persuade the Government to extend the sample survey to cover the 
hag erop in Bengal. the Bengal famine occurred n 1943. Since that year we have 
the — tanit of carrying out a sample survey of both jute and rice crops throughout 

nee, 


у Bihar Crop Survey. As already mentioned, a pilot survey had been started in 
E T two districts, comprising about 8,000 square miles, in the rabi (winter wheat) season 
i} ^ : 
ату 1944. The scheme was rapidly expanded to cover the whole province, and а 


Survey of aghani (winter rice) of 1944-45 season was carried out only a few months‏ ا 
er.‏ 
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RE 3 ON WINTER RICE, 1944-45 
J. А *RESSIVE REPORTS ON Y IN ч 
TABLE BIHAR CROP SURVEY: PROGRE BERT : n : 
М z (IN N USAND 4 ES) UNDER DIFFERENT CROPS 
ESTIMATED AREA (IN HUNDRED THOUSAND ACRES) t 


=_= 
CCS EE ыс у е 


ids surveyed sampling area in hundred thousand acres under 
3 — fraction SUE 
serial Sediwor upto number percentage опе in rice pulses Sugarcane роба 
no. - - m a 
d 6) (7) ( 
Р 3) (4) (3) ( — 
2) ( 
(1) ( = 
5 4 4175 133.35 39.55 — 
h 2,588 4.0 : 5 E Ё 
aid "IR 14,361 32.3 752 135.37 30.65 mE ny 
e d "m 19,813 30.8 545 140.70 31.28 3.74 
И 3 18th 25,934 40.4 417 141.71 30.31 3.94 
E ji 26th 32312 50.3 394 — 140.80 29.77 3.87 — 
i i ү 278 139.46 29.78 4.01 — 
5 ber 4th 38,818 60.4 27 А — 
Ы вчт 12th 45,006 70.0 240 138.72 30.40 4.03 
» 2 à Е 
8 55 21st 51,502 80.1 210 140.05 29.63 4.06 Ls 
9 January 12th, 1945 64,260 100.0 168 136.50 39.03 3.97 . 


(total area covered — 432.23) Proportion = 31,58 96 


6.72% 0.92% 0.269% 


The above table shows the actual Progressive estimates Which were submitted to 
the Government from time to time. It wi 

on only 2,588 grids (or about 4 per cent of the tot 
represented a sampling fraction of one in 4,176, 
rice (133.35) and with pulses (29.55) were of tight dimensional order 
favourably with the final figures, 136.50 and 29.03 (in 100,000 
receiving the first estimates of rice and pulses, the Governme: 
figures for the area under Sugarcane, which were submi 
gressive report, At the last stage, at the 
(in 100,000 acres) was Supplied for the аге; 


The total geographical are 
80 that the Proportion of | 
0.92 per cent under Su 


at the first estimates were based 
al number ultimately surveyed), which 
апа yet the estimates of the area sown with 
and compare quite 
acres), respectively. After 
nt desired to have similar 
tted regularly from the second pro- 


H 2 
St of the Government, an estimate of 1.12 
à under potatoes, 


reque: 


а covered in the Survey 
and Was 31.58 per cent under г 
garcane, and only about 0.26 Per cent, or one quarter or 1 per cent, 
under potatoes, This would supply а good idea of the wide range of the Survey. It, how- 
ever, scarcely needs mentioning that tho Percentage (but not the absolute) error would be 
naturally quite high for potatoes or Sugarcane which have comparatively small 


was 432.23 (in 100,000 acres); 
ice, 6.72 per cent under pulses, 


acreages. 
Another point is worth explaining, Sowings of ric 
time, possibly till the middle of November, depending on 


e continue for 
different areas, In Bihar (as 


a good length of 


actual conditions of rainfall in 
well as in Bengal) the rice crop ig mainly rain-fed, and usually 
а certain proportion of marginal land is put under Cultivatio; 
distribution of rainfall. When 


1 in the hope of a favourable 
the rainfall is not exceptionally favourable (as often 
happens) it is inevitable that Some of the lands Which in the earlier part or middle of the 
season are under a particular crop will £0 out of cu n owing to lack of rain at the 
end of the season, The total area under ri nereases from the beginning to 
the middle of the Season, and then usu T this reason the earlier esti- 


mates would often agree fairly 9n materia] collected at the end 


ltivatio 
ce therefore i 
ally decreases, Fo 


vell with estimates 


ased 
of the season. 
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e Bengal Crop Survey would be useful 
about 1,100 “cells”, each approxi- 
daries of mauzas (broadly corres- 
ef) have been kept intact, so 
This has been done in order 
ative or revenue units such 
livision (about 850 square 
vince as a whole (70,000 


> 
Bengal Crop Survey. A brief description of th 
of Bengal has been divided into 
In doing this the boun 
about one square mile in ar 
within a single cell. 


E Stage. The province 
st the Rois miles in area. 
that а, о villages, апа roughly 
to facili 1 mauza (or village) lies entirely 

itate the building up of estimates for higher administr 
are miles on an average), sub-c 


as th а 
нота, or police circle of 150 squ 
es), and finally the pro 


miles NE dn 
а ) or districts (about 2,500 square mil 
luare miles), 
urvey has naturally to take into 
particular economie variates 


eys it is legitimate 


ibe ap tia M т design 3 the d E 
desired to bo inv intensity of cultis ation or the importance 0) 
to omit ar арат estigated in different regions: For example, in 
Missible areas known to be under forests. In the case of partidu 
Or cells w} : i o allot & comparatively small number 
ati aeni e Jute is known to be grown only in small ioc (n 
arrange ate estimate of the total production of the crop d шерш 
flexibility in by which the whole province 18 divided into а 2 Re очы т 
Or to ] y in designing, as it permits unimportant cells e be ls t p: x à Н ЕС m 3 ES 
еа » allotted a comparatively sm 1 number of grids. The i € in ү dp 
E is thus to settle the size ( a) and the number of cee 0 р gos Ч 
ее, regions or cells. For surveys € a number of торо а rr P Pp 
sie, ntis t is often convenient to adopt à ur ame n ber of grids or 
cell included. within the survey But th in general, the number in 


ea 

ch cell can be varied as desired. 
er of sample units allotted | 
rveys: The pos! 
each mauza gets n 
ally as they ar 
at each randor 


eld staff. 


crop Surv! 
lar crops like jute it is per- 
of sample units to regions 
hen it is desired to obtain 
vince as a whole). The 
ber of cells gives great 


and necessary t 


al 
are 
overing 
jiform densit 
is is à special 


у, or the 


case: 
to each cell (of 64 square miles) 
tion of each grid is located at 
one or one or more random 
e marked on the map, and 
All fields falling 


is at ne the total numb 8 
random © "nt of the order of 100 for ор р 
Points, a. marked on maps. In this 1 ex 
& grid (of p random points are numberec 

2.25 acres for crop surveys) 18 locatec 


withi 
in the grid are subsequently surveyed by the fi 
ر‎ cell (in which the act of 


m point. 


randomization is carried 
located at random, are given consecutive serial 
grids with even serial numbers and the set of 
rs form two independent but interpenetrating 
f which covers the same area. These two sets 

a for each set 15 


that informatior 
two independent estimates 


Within cacl 


Two sub-samples. 
its, as they are 


Out 
in i the sample un ; 
Sample " S that the set of sat 
and he ing or grids with odd $ 
are eer networks of sample u 
Collected ed to different parties 0 

independently. These two 


nits, each o 
f field investigators, so 
sets of data thus supply 


surveys as ® routine measure 
allotted to both 
1 by both sets of field investi- 


gaton, T ч t of fifty-four grids allotted 
n the Bengal Crop Survey i agit ted” ог common to both sets. A detailed 
urteen grids in each cell shows how 


toe 
өы network of samples, fourteen are 
paris m ke 
on of the two sets of field reco The field investigators know o" 


er 
he field survey has been do: 


or 
eac} 
1 cell as a whole. 
ed in crop 


A further 
f gric 


h networks 80 


at pr Duplicate grids. 
ese: > 
ati к. A certain number 0 det 
nfor ; ; s is 
nformation for such “duplicated” sa 
example, ou 


are. 
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i i г gri be enume- 

SE licat« ү to which particular grids have to 
Š А d, but have по knowledge as ES dern 

| Me uU programme is arranged in such a way that the two different D 
5 ee are separated by at least two or three days’ journey, so that there is 

i iga ? à 

9 5 eed investigators copying the records from one another. 
cnar 


tremely useful in supplying a good control at the point of c 
ex 
material. 


This method has proved 
ollection of the primary 


lt is worth mentioning briefly another 
(or sometimes replicated) grids or sample units 
by different parties of investigators, 
note the average height of the plant in 
are done at different times—sometime 


control used in connection with duplicated 
which are enumerated twice (or more often) 
In the стор Survey the investigators 
each field. As the duplicated ( 
s with an interval of even two 


are required to 
or replicated) surveys 
or three weeks—this 


stakes in identifying the 
on the part of the investigators. Such 


Purpose of supplying an objective basis for the rojection of 


unreliable primary material, 


Agreement between half-samples. Table 2 


shows the two independent (replicated) 


three years 1943, 1944 and 1945. The 
networks of samples, 


is not possible to enter 
are usually called half-samples as both together 
ght also have been called “double” samples; but 
hensions about cost in the minds of administrators. 


during the 


ting random 1 The actual design 
into these details. 

samples (4 and B) 

sample. These mi 


ably raised misappre 


make up the complete 
this would have prob 


TABLE 2, 


BENGAL CROP SURVEY : HALF-SAMPLE COMPARISONS, 1943-45 
number of grids surveyed area under crops in difference standard Я ? 
T thousand acres (4 – B) error of Histor с 
diffor- 
sample sample com. Sample sample com. actual or- ence 
А (В) bined (A) B bined "o 
(1) (2) (8) (4) (5) (6) (7) (8) (9) (10) qn 
jute crop 

1943 29,676 29,676 59,352 2,759 2,757 2,758 2 0.1 100 0.02 
1944 30,487 30,037 60,524 2,150 2,056 2,106 94 4.45 50 1.87 

1045 83,804 62025 100.27 2512 o йм ie ae * — 

aus (monsoon) rice 

1943 29,076 29,676 59,352 8,807 6,923 6805  . jg —1.7 446 0.26 
1944 30,457 30,037 60,524 7,815 7942 7,878 . 39; 1.6 90 1.41 

1946 — 53,504 52,028 106,127 6,966 6,805 6,864 161 В: 3 * E 
aman (winter) rice А 

1043 31216 31218 62431 28,840 24.044 23,942 —904 0.8 703 0.29 
1944 50,501 50,107 100,608 22,491 21,903 22,201 588 25 550 1.07 
1946 46,148 45,971 92,119 20,970 21,202 21,087 232 Nn 2.261 

=L 103 es 
* Error calculations for 1945 were not completed at the tim 
T Significant at 5 per cent level, 
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The two crop estimates in thousand acres based on the two independent samples 
(4 and B) are shown in cols. 5 and 6 respectively, and- the pooled estimate in col. 7. The 
difference between the two estimates 4 — B in thousand acres is shown in col. 8 and the 
same difference expressed as percentage of the combined value given in col. 7 is shown in 
col. 9. The standard error of the difference calculated from the samples is given in col. 10, 
and Fisher's / in col. 11. This table shows the kind of results which are actually obtained 
in practice. Т should like to note, however, that the field survey in 1943 had to be organized 
at very short notice and under great difficulties (owing to the incidence of the Bengal 
famine). and supervision was probably not quite adequate; the close agreement between 


the two half-samples may be, therefore, to some extent spurious. 


Discrepancies in crop enumeration. Since 1937, when work was started by the 
Sampling method on a very small scale, the relative accuracy of the results obtained by a 
So-called complete enumeration and by the sample survey respectively have been the subject 
of acute controversy in India. From the very beginning attempts were therefore made 
to investigate the reliability or otherwise of crop enumeration done by ordinary field investi- 
gators in actual practice. The method adopted has been to carry out independently twice 
(or more often) complete enumerations of crops on fields in the same village or region by 
entirely different sets of investigators. If crop enumeration can be carried out with com- 
plete accuracy, then the two sets of records should be in perfect agreement. Certain dis- 
crepancies are, however, introduced by the fact that the two surveys have necessarily to 
be carried out one after the other in order that there is no chance of one party of investigators 
Copying from the records prepared by the other party. If the first survey is carried out 
before Sowings are completed, it is possible that certain fields which were uncultivated at 
the time of the first survey might have been brought under cultivation by the time the 
Second survey is made. Or if the second survey is made rather late in the season, it is 
Possible that some of the fields having standing crops at the time of the first survey might 
БО out of cultivation at the time of the second survey for lack of rainfall or other causes. 
Such discrepancies can, however, be usually distinguished from a knowledge of crop condi- 


tions in relation to the two dates of survey. 


A great deal of material of this nature has been compiled, year by year, since 1937. 
Even a cursory examination of the material leaves no doubt that very large discrepancies 
Occur at the stage of crop enumeration. Some of the mistakes are genuine, in the sense 
that the investigators actually fail to distinguish between different crops, or make wrong 
estimates of the proportion of the field under different crops. Mistakes due to gross negli- 
gence, however, also occur; and sometimes, of course, entries are made by pure guesswork 
by unreliable investigators who want to avoid the trouble of going round to the fields. Tt 
Must be remembered that conditions in which the crop enumeration has to be done in Bengal 
ane Particularly difficult. In summer the temperature would often go up to 110?F. or more; 
during the monsoon many of the roads are submerged; throughout the crop survey a large 
number of investigators suffer from malaria and other diseases every year. This makes 
it all the more necessary to have adequate controls at the point of collection of the material, 


I am giving below a few tables to indicate the kind of material collected and nature 


of Comparisons made in the Indian Statistical Institute on an extensive scale from year to 
year, 
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TABLE 3. ILLUSTRATIVE SUMMARY COMPARISONS OF 


DUPLICATE CROP RECORDS 
PREPARED BY DIFFERENT INVESTIGA 


TORS (4 AND B) 


discrepancies (A — B) 


estimated between the two records реговвгара 
5:4 
years name acreage 
province and of 0б actual > sum 
zone under survey expe (А) (В) posi- nega- alge- abso- alge- abso- 
Survey tive tive braie lute braic lute 
eee. aca 9 ® ® ® a an 
Bengal 2 thanas 1937 jute 355 385 103 133 —30 288 Sis 66.5 
Bengal 8 thanas 1938 jute 3,584 3,646 466 528 — 62 994 —1.7 27.7 
Bengal 6 thanas 1944 Wheat 286 298 100 112, = 79 212 —4.3 74.6 
Bihar -6/hanas 1944 gram 730 636 244 150 94 394 12.9 53.9 
Bihar 86 Manas 1944 bhadoi 6,713 6,481 1,058 1424 234 — 3,082 3.6 45.9 
paddy 


The above gives a comparison of duplicated cr 
by two different sets of investigators called А and В, 
figures of total acreage under 


Op records prepared. independently 
Cols. 4 and 5 give the two independent 
Same geographical area. A detailed 
records was carried out for each field Separately. For example, 

1 as being under jute by the first party of investigators (A), 
d party of investigators (B). In such cases the discrepancies 
€ positive. When a field is shown under a particular crop 


—B would be then naturally considered 
for each indivi 


dividual plot, one would get 
shown in cols. 6 and 7, and the 
s are actually 
So far as det 
-called complete enum 


ng at present in Ben 


A—B may be considered to b 
by party B, but not by party 


A, the discrepancy A 
to be negative, If such diser 


epancies are added up 
e discrepancies, 


very large, and in 
ailed crop records are 
eration cannot supply 
gal or Bihar, 


concerned, it is quite clear, 


SO 
reliable results under cond 


itions actually existi 

Many of the mistakes are, however, 
algebraie errors are obtained by simply adc 
and are shown in col, 8. For example, in th 
is obtained by adding the 
course also simply 
In comparison with the a 
discrepancies are proporti 
negative mistakes. Tn other wor 
out at present in Bengal or Bihar 
liability as results based on 


3 the figure—30 in col. 8 


ols. 6 and 7, and is of 
à given in cols, 
bsolute discrepancies 8 


me qualitative kind of statistical re- 
Sample surveys With the im ; end 
i 9 portant differen that in the so-called 
каше E (as usually conducted Without any Super n T dn E trols) 
there is no possibility of estimating the margin of error Thi superposed Sampling cont 
Practica] significance, * 115 is 


Sa conclusion of the greatest 
Two illustrative ¢ 


Top records are given below, Т 
kandi in P.g, Goalundo ( 
fields were Surveyed by i 


xamples of 


ў lected iy г 
ап administrative u d manga, (v 


A in 194 his village 332 
Nvestigator Д on August lath, 1943 P 3 bm 


© noted the name of the 
344. 
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Top (or mixture of crops) growing on each individual field. A second complete enumeration 

AAS m е isa 

1 as made by investigator B about a fortnight later, on September 2nd, 1943, who also noted 

independe ы Р 1 Р тжен ferons отт? E. CEC 

c idently the name of the crop or mixture of crops growing on each individual field, 
› records were thus available for each field, and ean be shown in the form of a two-way 

table as in Table 4. ў 


TABLE 4, BENGAL CROP SURVEY, 1943: COMPARISON OF DUPLICATED COMPLETE 
ENUMERATION IN . GOALUNDO, MAUZA KAZIKANDI 


B-survey September 2nd, 1943 


jute aman rice jute-aman no erop total 
—. 

c jute 4 15 4 3 26 
= | us rice 4 13 1 4 21 
3 | jute-aus 17 66 2 9 94 
ET 
asl x > = га 2 
“3, Jute-aus-aman == 3 23 
Б | 
© 
— | aus-aman 1 = = xm 1 
3 | no erop 37 45 4 102 188 

— — ¹—— —— — 
| total 63 140 n 118 332 


— a 


lf the crop enumerations made by the two investigators, (А and В) were in com- 


ete ¢ s; ; eh š 3 

AN Agreement, then all fields shown as being under jute by investigator А would also be 

8 H 7 : 
town under jute by investigator B, and vice versa, 80 that entries would occur only in 


the diagonal cells. A glance at Table 4 would show that the actual position was entirely 


lifferent, For example, according to investigator B there were altogether 63 fields under 
For ex X. g 


no 9n September 2nd. According to investigator A, who had surveyed the same identical 
sev, right earlier, apparently only oiii к ос js Deed. dena Ж 

! had a mixture of jute and aus rice, one field had mix c 
(winter) rice while no fewer than thirty-seven fields were without any crops at all. 
u erebancies are equally striking for other crops. In faet out of 332 fields surveyed, the 
уо “estigators were in agreement only in regard to four plots, which both recorded to 


1 P ia GEA А 

ave been under jute, and also in regard to 102 fields, which were shown by both as having 
and als 7 

' i 106 out of 332 entries was there agreement 


© age. : 
OPS at all. In other words, in only à 
This is clearly unsatisfactory, and shows 


etween t и 
ма SEN the two independent crop enumerations. و‎ ; 
ab either One or both the investigators had failed to do their w ork with reasonable care. 
COMPARISON OF DUPLICATED COMPLETE 


BENGAL CROP SURVEY, 1943: 
ENUMERATION IN P.S. CHUADANGA, MAUZA MANIRAMPUR 


TABLE 5 


a — —— с ت‎ 
7 zii B-survey August 10th, 1943 
aus jute-«us none total 
— s 
— نھ‎ - : 
| jute 1 — == 
© 
: : 8 133 
| aus 123 2 
5s | s i: 
EU И 3 
S | jute-aus - 
С à 7 — 189 196 
$e none 7 
в 5 198 334 


— total 131 9 
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A more satisfactory example is shown in Table 5 for another pair of investigators 
working in Bengal in the same year. In this case out of 131 fields recorded as having aus 
(monsoon) rice by investigator B on August LOth, 1943, no fewer than 123 had been shown 
as having rice also by investigator A during the earlier survey on June 28th, 1943. Out 
of five fields shown as having both jute and «us (monsoon) rice by investigator В, three 


were shown so in the earlier survey, while two fields were shown as having only aus rice 


by investigator #l. This is quite possible, as aus rice is sown earlier, and these two fields 
might have been sown with jute after the first survey was over. As regards uncultivated 
fields, the two investigators had agreed in the case of 189 out of 196 fields. There was 
Agreement in 315 (or 94.3 per cent) out of 334 fields. This may be contrasted with the 
Agreement in the case of only 106 (31.9 per cent) out of 332 fields in the previous table. 
| Such differences. show the wide variation in the quality of field work done by different 
investigators, The importance of providing statistical controls like duplicated grids can be 
therefore easily appreciated. 

L may now give a quantitative example. In the sample survey of crops the field 
staff is required to estimate the proportion of land in each field which is under a particular 
rop. These estimates are made in terms of the Indian coin anna, sixteen of which make 
Up a rupee. In other words, crop estimates are made in units of 6 per cent. 


Table 6 shows a comparison of results of such estimates of the proportion of land 
Sown with rice on the same group of 56,193 fields which were surveyed independently by 
two sets of investigators. The comparison between the two sets of records has been made 
with increasing latitude of discrepancy. For example, if the two entries (estimates of the 
Proportion of field under rice) relating to the same field (made by the two different parties 
of investigators) agree within 1 anna, (or 6} percent), then the latitude of comparison is 
1 anna, or 61 percent. In the same way, if the two entries agree within 4 annas, then the 
latitude of comparison is 25 percent; and if they agree within 8 annas, the latitude is 50 
ber cent, Finally for a 16-anna (or 100 percent) latitude of comparison two entries relating 
to the same field would be considered to be in agreement if both the parties record the field 
to be under rice irrespective of the quantitative proportion. 
TABLE т, BIHAR CROP SURVEY, 1944: BHADOI (MONSOON) RICE: COMPARISON OF 
COMPLETE ENUMERATION BY TWO SETS OF INVESTIGATORS 


number of plots surveyed percentage of plots surveyed 


total — — 
latitude of in agreement not in number in agreement not in 
Comparisor —=«==—————=@шйешшї of plots —— agreement 
à no crop with rico compared no crop with rice 
(1) (2) (3) (4) (5) (6) (7) (8) 
1 anna (64%) 23,988 20,699 11,506 56,198 42.69 36.84 20.47 
4 anna (25%) 23,988 21,269 10,936 » A 37.85 19.46 
5 anna (50%) 23,988 21,742 10,463 " Я 38.09 18.62 
16 anna (100%) 23,988 22,657 9,548 3 ` 40.32 16.99 


A glance at the summary Table 7 would show that if a 6} per cent latitude of com- 
Parison jg permitted, then records relating to 11,506 (or 20.47 per cent) of 56,193 fields were 
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i is о 25 per cent, the number of discrepant 
discrepant. eee Pen 7 ве Was Allowing a much higher margin 
а) ye i S bent ihe mambet of discrepant fields is again only very slightly 
ne md е 7 Pm Finally, allowing the maximum possible latitude of 
^m = еч. HH merely whether the field is recorded to have rice or not—it 
a S dam than 9,548 or 16.99 per cent of fields stil 
o e of comparison thus makes very little differences, 
usually occur in the identification of the fields rather than in m 
of “ р” (the proportion of land under a crop). 


1 show discrepant entries. 
which shows that mistakes 
aking quantitative estimates 


Comparison of "duplicate" grids. 
survey of crops the present practice is © 
in duplicate by two independent sets of ir 
the quality of the field Survey. The field 
proportion (called “p” 


2 amely, 2,25 acres in 
(winter) rice. Such 
d staff so that for each grid 
e other by party B. The two 
Way table as in Table S. 


estimates were prepared twice 
there are two values of <p", 


one estimated by party A and th 
sets of records can therefore 


be shown in the form of a two- 


TABLE 8, BENGAL CROP 


SURVEY, 1945-46: 
ESTIMATES OF 


COMPARISON OF 


ie (PROPORTION 0 
BY TWO PARTIES ОЕ 


F GRID UNDER 4 


TWO INDEPENDENT 
MAN RICE) 


INVESTIGATORS 
half-samplo (B) 

E63 OTS Er MCN US d x 21 28 62 1,547 

0 т 160 111 W. „ M 3 ds g 

1120 31 39 ت‎ П ла >ы, MAS UL Ж ox us 228 

21:301 15203 20 2 0 r 8 217 
ee ee e 5 3 в п 11 w 
2 „ SN ц. б 12 14 9 23 
FF e EA E. AI. 18 gs д 
Speer TU e $2918. 10 $5 . OL „ dw зы 

F W , di o 45 232 45 856 

gy OF рыр E QT 9* 39. ree 45 120 52 57 896 

91-99 29 4 7 б КУ TT 18. 7 әр E 3r 143 583 
TON ie $8 19 CH. ا‎ 6 152 927 

total 


Sf 64 132 927 1.393 
1510 353 272 226 280 288 277 288 358 404 605 1.340 6,204 
E N 5088 

Frequency constants : mean 2(4) = 52.9 percent, 


s.d. of A = 40.9 per cent, s.d. of B = 41. 
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TABLE 8а. SUMMARY TABLE OF PROPORTION OF AGREEMENT WITH DIFFERENT 
LATITUDES OF COMPARISON 


— —————— 


number accumulated accumulated 

of grids totals percentage 
complete agreement 3,204 3,204 51.6 
1-10% margin 1,069 4,273 68.9 
11-20% - 511 4,784 77.1 
21-30% „ 367 5,151 83.0 
31-40% 57 225 5,376 86.7 
41-5095 „ 185 5,561 89.6 
51-6095 » 142 5,703 91.9 
61-7095 „ 96 5,799 93.5 
71-80% d» 106 5,905 95.2 
81-90% 3 86 5,991 96.6 
91-99% 35 83 6,074 7.9 

100% $5 130 6,204 100 


If the two sets of crop enumeration made by the two different parties (4 and B) 
were in complete agreement, then the entries would occur only in the diagonal cells and 
the coefficient of correlation between the two sets of records would be +1. This of course 
cannot happen in practice, as different investigators would have different “personal equa- 
tions” of observation and estimation. In the table shown above it would be noticed that 
in 3,204 (or 51.6 per cent) out of 6,204 grids, the two sets of records are in complete agree- 
ment. Tf agreement is defined to include a margin of variation upto 10 per cent on either 
side then 4,273 (or 68.9 per cent) of all grids are in agreement. In the same way about 
83 per cent of the grids would be in agreement if a latitude of comparison upto 30 per cent 
is permitted, This is not unsatisfactory. 


The agreement between two sets of records can also be expressed in the form of a 
Coefficient of correlation of --0.739. Owing to the cancellation of positive and negative 
errors the two mean values 7(4) = 52.0 per cent and p(B) = 51.9 per cent are in entirely 
Satisfactory agreement. Duplicated readings thus show two things—namely, (a) detailed 
agreement, plot by plot or grid by grid, can never be attained in practice even when the 
field work is done with reasonable care; and yet, (b) the agreement between mean values 
may be quite satisfactory so that reliable sample estimates can be made with confidence. 


BIAS IN THE ESTIMATION OF CROP YIELDS 


It may be mentioned that in crop-cutting work the principle of random sampling 
Was explicitly recognized for the first time in the classical experiments of J. (now Sir John) 
Hubback of the I. C. S. in India between 1923 and 1925. He used sampling units of a very 
Small size, 1/3,200 acre, in the form of a triangular cut obtained by a special implement 
devised by him. He was the first person to point out that owing to high correlation between 
Yields in adjoining parts of the same field there was not much gain in precision by using 
Sample units of a large size. He further emphasized the convenience and economy of using 
Small cuts, of which a much larger number can be collected in the same time by investigators 
Moving from one place to another. He gave a general account of his work in a paper on. 
"Sampling for Rice Yield in Bihar and Orissa" published by the Government of India in 
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ri icultural Institute, Риза. C. D. (now Sir 
Md maie " t: i * к л a method a little later between 1928 and 
m av ime P s к etus conducted together with settlement operations in two 
ив 115 aa ie есш About the same time, P. S. Rau, I.C.S., used the Sante 
Ar. т = jo distriets of the same province. T succeeded recently in FEGGNGEHIS 
и a m. fa 7 by C. D. Deshmulch, but all papers relating to P. S. Raws 
D n 8 been destroyed. As Hubback's paper has been out of print for a long 
d Vm 10 a Tinted in Sankhya (the Indian Journal of Statistics), Vol. 7, Part 3, 
к ч dE. in ihe same number T have given a brief account of Deshmukh's work. а 
са V. Townend (also of the I. C. S.) used euis ofa comparatively small rr 
unit (27.04 sq. ft.) in the form of a Square, harvested with the help of a rigid frame, ir 


work on rice in certain districts in Bengal. It is interesting to observe that four administra- 
tors belonging to the I. C. S. used Cuts of a small size evidently 
D 


because they were guided 
by reasons of convenience and economy, 


It is worth mentioning that R, 
was influenced by that of H ubback 
ing surveys submitted by him to 
on March 2nd, 1945, Subsequent] 


at at Rothamsted 
a memorandum on crop estimat- 


Agricultural Research in India 


у, Yates and others used sample cuts о 


f a small size. 
When we first started work on the estim 


thought of using cuts of a small size. At thes 
whether the size of the sample unit had any 
this stage to distinguish between two differer 
unit is appreciable in comparison with the size of the field 

chance of over-sampling the central area of the field, T have discussed such ¢ 
elsewhere (in the paper “On Large-Scale Sample Surveys,” Phil. Trans, Vi 
584, Appendix 6, p. 404), There is a second Possibility of bias 
being included within the Sample eut, It wag th 
undertaking àn experimenta] 


Tt was necessary at 
If the size of the sample 
there will be obviously a 
"ver-sampling 

01. 231 (B), No. 
arising from bordering plants 
is second effect which I had in mind in 
study of the problem, 


Tn our Very first serios of crop-cutting experiments on 
collected some m ampling units of five sizes ranging 
T © 
idence of ver. estimation ww: 


i material was 
five different Sizes of sample cut, 


A square of size 16 ft. by 16 ft. 
each field (which also Was selected at random) 


jute in Bengal in 1939 we 


between 5.5 sq. ft. and 66 
ith small cuts, but the 


Sq. ft. There was some ey 


and the crop was 
Yield rates for sizes 

Cuts of different 
' "ure effective local control 
Information was coll any items, such as number 
after harvesting, апа also the 


› dried, and th 
amely, 


arvesting) 


final yield of dry fibre per acre 
T am giving in Table 9 figures 
as the weight of green plants ( 
from four different districts in B 


€ fibre extracted). 
the yield of jute expressed 


immediately. after h in pounds per acre collected 


engal in 1940. 
Yield rates based on 1 ft.x 1 ft, 


arly over-estimates. 
ts. The next larger 


е D ͤ — ی‎ — 


RECENT EXPERIMENTS IN STATISTICAL SAMPLING IN I. S. J. 


TABLE 9. BENGAL CROP SURVEY, 1940-41: YIELD OF JUTE (GREEN PLANT) 
IN POUNDS PER ACRE 


sizo of eut Dacca Mymensingh Rangpur Tipperah combined 
(sq. ft.) (n = 80) (n = 80) (n = 94) (n = 66) (n = 320) 
a) (2) (3) (4) (5) (6) 
1 (x 1) , 271 + 1,160 
9 (3x 3) 35 402 $ 535 
48 (12 x 4) { S48 16,080 — 411 
144 (12 12 19.305 856 0,763 +- 428 
*90 (16 x 16) 18,836 2 20,433 + 790 10,828 + 395 
— T = . 


Size 3 ft. уз ft. (9 sq. ft.) also appeared to give over-estimates, but this size was retained 
for Purposes of comparison. Since 1940 similar material has been collected year by year, 
for a number of crops like jute, wheat, aus (monsoon), and aman (winter) rice in different 
provinces of India. An account of the first series of experiments on jute in 1940 was given 
IN à report submitted to the Indian Central Jute Committee, which had financed the work. 
The report was printed by this Committee for official use, but was not released to the publie 
Owing to war-time yas tziatigná: Other reports on crop-cutting work were submitted by 
US in Subsequent years, but the Government restricted these also for official use. Although 
а good deal of material has been accumulated, it has not yet been possible to publish a com- 


or sie s igi wa in T: 
Prehensive account T am giving a few typical results in Table 10. 


TABLE 10, CROP SURVEY; PERCENTAGE YIELD RATES BASED ON SAMPLE CUTS OF 
DIFFERENT SIZES 


— 227НӘЩ 
size ен U.P. U.P. , Bengal average 
Of cut Fig a wheat, 41 wheat, 42 rice, 1943-44 index 
(5q. ft.) 320 mr 178 346 40 (unweighted) 
(1) (3) (3) (4) (5) (6) (7) 
° 121.4 118.1 113.3 114.7 
„18 108.8 116-1 111.6 109.4 = 110.5 
25, 27 == a 8 109.0 = 105.0 
36 = 100-7 100.1 99.0 112.1 103.7 
48, 49 - 5 == — E 95.4 
54 95.5 98-5 ы 96.0 = 96.0 
64 5 = S — — — 
81 = 105:9 — 93.6 — = 
135 = — 99.9 = em = 
144 Aer 66.4 es: — 101.2 = 
225 = 100.0 97.4 — — — 
256 et = — — — 
324 100.0 — n 100.0 m = 
516 a sy 100.0 = 100.0 = 


In this table the results have been expressed as percentages of the yield rate based 
on Sample cuts of the largest size used in different series of experiments. On the whole, 
the above table indicates that the bias decreases as the size of the cut is increased from 9 sq. 
ft. to probably something of the order of 40 or 50 sq. ft. and becomes negligible with cuts 


9f larger size. 
The results given in Table 10 all refer to sample cuts which were located in the field 


with Pegs and ropes Experiments were also made with rigid and semi-rigid frames made 
ОЁ wood or of wood and iron. I have no time here to discuss these results, beyond Stating 
that there was evidence of over-estimation with small cuts in such cases also. 


A fow Observations have been made in Sankhya, Vol. 7, part 3, April 1946, pp 269-80, 
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I may mention at this Stage that in the paper “On Large-Scale Sample Surveys 
itten at » end of 1942, T referred to the over-estimation arising from the use of sample 
Us a small sizes, and explicitly stated (Phil. Trans., Vol, 231 (B), No. 584, p. 409): 
cuts > 3 


"It was found that there was persistent over-estimation in wi 
of very small size. In the case of field survey 
investigator has a tendency to include r 


orking with units 
the obvious explanation is that the 
ather than to exclude plants or land which 
ary effect naturally 
Size of the grid is increased. In crop-cutting 
ample, that mean values for all the characters 
re, weight of green plants, weight of dry 
all size, so that it was not at all safe 
q. Ж” 


TABLE 11. BENGAL CROP SURVEY, 1945. 


-46 : YIELD IN POUNDS PER ACRE AND 
INDEX-NUMBER OF YIELD ОЕ AMA 


HUSK) FOR CIRCULAR 
CUTS OF DIFFERENT SIZES 


yield in Ibs. per aere 
name no. of 
serial no. of district 


index-number of yield ^ 
With yield based on larges 
size of cuts as 100 


+ 50.27 sq. fl. 100.85 Sd. ft. 12.57 sq. fl. 50.97 sq. ft. 


12.57 Sq. ft 


1 — Bakarganj 180 ET E 891.2 107.8 98.8 
Э Байка 109 150.4 686.3 723.3 103.8 94.9 

3 Birbhum 87 947.1 864.0 883.8 107.9 97.8 

4 Вора 76 728.2 639.4 637.7 114.2 100.3 
5 Burdwan 122 801.5 724.9 723.3 110.8 100.2 
6 Chittagong 25 1,156.] 935.6 924.9 125.0 101.1 
T Dacea 113 922.4 734.0 758.7 121.6 96.7 
8 — Dinajpur 218 933.1 819.6 822.0 113.5 99.7 
9 Faridpur 36 1,036.0 655.8 597.4 173.4 109.8 
10 — Hoogly 45 706.8 613.0 616.3 114.7 99.5 
п Howrah ; 38 604.8 420.5 401.6 150.6 104.7 
alpaiguri 60 655.8 578.5 579.3 113.2 99.9 

p ges 86 723.3 613.8 621.3 116.4 98.8 
4 Кш 91 832.7 741.4 150.4 111.0 98.8 
15 Malda 73 799.8 738.9 749.6 | 98.6 
10 Midnapur 249 767.7 703.5 700.9 1090 00.5 
17 Murshidabad 55 870.6 785.8 777.6 та : 1.1 
18 Mymensingh . 263 766.9 671.4 679.7 m p^ 
19 Nadia 38 680.5 598.9 018.8 zn 07.4 
20 Noakhali 58 789.9 701.1 669.0 о 104.8 
1 Pabna 55 512.6 431.9 429.5 ve 00.4 
29 Rajshahi 83 805.6 687.1 605.7 e : 3.2 
23 Rangpur 204 794.1 715.9 716.9 ыр m 
24 Tipperah 92 704.4 598.9 End E 2 n 
25  94-Parganas 113 706.0 E 0 5 

total 4 
percentago E 2 


117.3 100. 
unweighted 


RECENT EXPERIMENTS IN STATISTICAL SAMPLING IN ILS.I. 


: At that time the idea I had in mind was that the unconscious pulling in of border- 
Ing plants was probably effective so long as the linear dimensions of the sample cuts were 
smaller than the human span. In 1944 Jitendra Mohan Sen Gupta of the Statistical 
Laboratory suggested the use of cireular-shaped cuts to be harvested with the help of an 
arm rotating over a pivot with a light stylus attached at the end of the rotating arm to 
catch the plants. This proved very convenient in practice, and various improvements 
Were made, The latest model is now standard implement in our work. It is the usual 
Ше at the present time to take three (or four) concentric circular cuts on the same field, 

his is done by drawing out the rotating (radius) arm to three (or four) fixed lengths one 
after another, and harvesting the appropriate cuts. In this way yield rates are obtained 
for three or four different sizes. i 


Illustrative results of certain experiments are viven in 7 7 i ^ 
clear from the above table. Circular “> of serie page E 
the work is done on an extensive Scale by a large field staff scattered over the wiicls 
Province of Bengal, comprising about 60,000 or 70,000 square miles. Secondly, it is equally 
clear that there is practically no bias when the size of the cut is increased $6 50.27 sq. ft. 
Which is in good agreement with previous observations. 


Along with extensive experiments carried out by the ordinary field staff, arrange- 
ments were also made to repeat the work at a few selected centres by experienced inyesti- 
gators working under the direct supervision of trained statisticians. Illustrative results 
are given below in Table 12, which shows the yield in lbs. per acre of aman (winter) rice 
at three centres in Bengal in 1945-46. The numerical values show that the systematic 
over-estimation with cuts of 2 ft. radius is no longer appreciable. This is confirmed by 
Student's paired */" values of which are given at the bottom of the table. 


TABLE 12, BENGAL CROP SURVEY, AMAN (WINTER) RICE, 1945-46: YIELD IN 
POUNDS PER ACRE FOR DIFFERENT SIZES OF CUTS 


ы 


mean yield in lbs. per acre with s.e. 


size of 
symbol sample cut 
in sq. feot Katwa (n = 124) Gouripur (n = 64) Sainthia (n = 48) 
. — VI.... ela 
1ك‎ 7(2)” = 12.57 1,261 + 33 726 + 25 1,593 + 46 
Va п(4') = 50.27 1,283 + 26 747 + 20 1,518 + 31 
Ug 7 (580 = 100.88 1,304 + 26 761 + 19 1,523 + 28 
vy 7(8) = 201.06 1,340 + 29 764 + 18 1,495 ＋ 24 
Values of Student's paired “‘” 

i — ay — 1.53 1.33 2.18 * 

Ta wy — 2.55 * 1.81 0.43 

Us = vy — 3.07 T 0.63 2.47 * 


* Significant at 5 per cent level. T Significant at 1 per cent level. 


1 Dr. P, V, Sukhatme in a letter to Nature of May 11th, 1946, has published some material showing 
the Over-estimation of crop yields with cuts of a small size. Ho writes: “The reason for over-estimation 
Appears to be the human tendency to include border plants inside the plot. This factor becomes serious 
When the perimeter of the plot is large in proportion to its area." This is exactly what I had suggested in 
tho Paper written in 1942. Dr. Sukhatme has not referred to my paper, or is not aware of the observations 
Made by me much earlier. I have recently sent a letter to Nature on this subject. 
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s a atistical supervision, 
с ае quate statistical supery 
We thus find that when the work is lone un er adequat t 


i y negligi view of 
siz ы з practically 1 gligible. In vie 
у imati vi 2005 ol a small size becomes practica g 
К tion with cuts of a 
the over-estim 


i ing, I believe that unconscious pulling in of bordering plants may not be the only, 
po 1 most important factor in this matter. In fact, I am now 
Emu offered by F. Yates in m paper аа 
Eugenics in 1936. Discussing the observed bias in crop yields har 
(Shares 10 sq. ft.) supposed to have been thrown 
vinces, Yates suggested: 


inclined to adopt a 


vested from within hoops 
2 Я Pro- 
at random on fields in the United Pro 


The bulk of the bias, however, 


i ^, conscious 
is probably due to the tendency, consciou 
or unconscious, to cast the hoop on th 


€ good parts of the crop." 

It is likely that there are patches of greater ferti 
manner or in a mildly patterned fashion over 
investigator may unconsciously tend 
the “random point” to Some extent. From the fact that the bias 
gible beyond 40 or 50 sq. ft., it would seem 
that the average size of such patches woul 
only a few square feet, 
ing factor, 


lity distributed either in a random 
each field. In locating the sample cut, the 
l to favour such more fertile patches by shifting about 
appears to become negli- 
› detailed investigations, 
small and of the order of 
plants may also be a contribut- 


; Without entering inte 
d be probably fairly 
Unconscious pulling in of bordering 


Another point is perhaps just worth mentioning, 
of locating the sample cuts on or near more fertile patches, the 
estimation with the smaller cuts to be followed by com 
of intermediate Size. Some of the figures of Table 10 
but more Precise and detailed experir 


In case there is any bias in favour 
n one would expect over- 
pensating under-estimation in ents 
may perhaps be indicativo of this, 


mentation is necessary to settle this point. 


A certain &mount of loss of grain in the 
drying, weighing, ete., is inevitable w 
The proportional error 
decrease with the size 
Small cuts ( 


actual process of hary 
hich will necessarily introduce 
arising from this factor may be independen 
of the cut. In Case the loss of grain is pro 
owing to the greater care with which the differ 
then there might be an apparent Over-estimation with 
really indicate an under-estimation with large cuts, 


It is pertinent to observe j 
in using cuts of & comparatiy 


It is doubtful Whether ordinary investigators ¢ 
distance on the field, Any Sagging of the ro 
and hence lead to unde; 


r-estimation, 
to be made for the boundary ridges o 


is of particular importance in a 
is very small and less than half 
the area of the field, In fact, 
manner; and until this is done 
extent vague. This subject cle, 


esting, threshing, 
a component of “error”. 
t of or may increase Or 
portionally smaller with 
ent processes can be carried out), 


i 1 
small cuts, Which, however, would 


an make 
Pes is hound to r 


are serious difficulties in deciding the allowance 
r demarcation 


adjoining fields, a point which 
Province like Bengal, where the average size of the field 
an acre, so that the Perimeter jg | 
it is difficult to define the * 
the concept of 


total prody 
arly requires much further 


In the meantime T may perhaps mention th 
small size can itself be used as àn excellent con 
mentioned, yield rates aye being obtained by the 


There 


М : ith 
arge in comparison witl 
"whole field" in an unambiguou 

н е 
ction must also remain to som 
Study, 
at the Ver-estimation of cuts of a very 


e following way. As already 


al Institute for three (or four) 
354 


Tu Sx s of 
on bias in sampling in the Annals of 


l-—— 
~<a 
-— 4 
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concentric circular cuts of different sizes on the same plot. If the work is done honestly 
by ordinary investigators, then yield rates based on sample cuts of the smallest size would 
show over-estimation in comparison with results based on sample cuts of larger size. 
Results based on the two (or three) larger euts should, however, be in good agreement. 
At the same time, the variance of the yield per acre should decrease with increasing sizes 
of sample ents. Besides being extremely convenient and economical, concentric circular 
cuts thus enable a two-fold control (one over mean rates of yield and the other over 
Variances) to be exercised at the point of collection of the primary material. 


BENGAL LABOUR ENQUIRY: JAGADDAL 1941, 1942 AND 1945 


As already mentioned, in socio-economic surveys special efforts have been made to 
Study the personal equation or bias of the investigating staff. Here also the use of replicated 
Sub-samples proved to be of great value. I shall give illustrative examples from certain 

1 proved to be g E 
enquiries carried out in 1941, 1942 and 1945 in an industrial area at Jagaddal, about 20 
miles to the north of Calcutta. The Government of Bengal had asked us to survey family 
budgets, housing, and other economic conditions of factory workers in this area. 

Design of the survey. The general approach can be best studied from the design 
of the enquiry of 1941. In order to ensure proper randomization, the addresses of working- 
Class employees were obtained from the factories located in this area, on the basis of which 
% preliminary survey was made of the geographical distribution of working-class families 
at Jagaddal, whieh is a municipal area. The number of families residing in different groups 
9f buildings was noted on large-scale maps. A sample check was also carried out, but no 
attempt was made to attain high precision in the preliminary survey, as this was not 
Considered to be of great importance. 

On the basis of the preliminary survey the area was divided into five blocks (which 
Were of unequal size and irregular in shape and), which were demarcated on certain general 
Considerations, For example, blocks nos. 1, 2 and 3 were located in the immediate vicinity 
of factories; block no. 4 was within the town, but was situated at a greater distance from 
the factories themselves; finally, block no. 5 covered the area outside municipal limits. 
For present purposes the first three blocks were most important; block no. 4 of moderate 
Importance while block no. 5 was included more or less as a control and for comparative 

a H 
Purposes. The buildings from which the families were to be surveyed were picked out 

; gs 
Purely at random on maps. 

The sample units within each block were divided into 5 equal sub-samples, each 
of Which was independently random and covered the whole of the block. These five 
Sub-samples thus constituted five independent networks of sample units within each block, 
Each Such sub.sample was assigned to a different investigator. In this way information 
for cach block was collected by five investigators, all of whom in consequence worked in 
all the blocks. The number of families surveyed in 1941 and 1942 by the different investi- 
Sators in different blocks are shown in Table 13. 

Possibilities of analysis of variance. The interesting point is that the design of 
the survey makes it possible to carry out a Fisherian analysis of variance. For example, 
the 1941 and 1942 designs resemble in appearance Fisherian Latin squares. These are, 
however, not true Latin squares, but only analogues, as the sub-samples are not geographi. 
cally distinct. Tn fact there is no intrinsic difference between the Latin Square and the 
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: 1 OF FAMILIES 
۲ Y—JAGADDAL, 1941-42: NUMBER 

M LABOUR ENQUIRY—J 

TABLE 13. BENGAL. 


SURVEYED BY BLOCKS AND INVESTIGATORS 


R investigators wii 
blocks T 3 TP 4 " 
(1) (3) (3) (4) (3) (6) (7) = 
33 33 31 27 157 
І z 36 31 31 34 168 
3 37 36 45 34 29 181 
4 20 18 20 23 18 99 
5 7 9 8 6 T 37 
total 133 132 137 125 115 642 
1942 survey 
1 4l 37 40 39 38 195 
2 41 36 46 39 35 197 
3 38 42 39 41 37 197 
4 19 24 19 24 21 107 
5 9 t9 8 8 10 44 
B 
total 148 


or all the blocks at the same time, 


"investigator cells introduce а difficulty. 


are selected the numbers 


are not 
hodox lines woulc 


ance on ort] 1 give approximate 


ity (for the same three blocks 
priate number of seh Finally, 
à great deal of 


alysis of variance (for the first three blocks) for the f 
? are given for a few selected items in Table 14. The total 
degrees of freedom, Which can be split 
ў cks, four degrees of 
© investigators ight degrees of freedom for the 


es of freedom for comparisons between 


In the standard Fisherian 
as error to test the Significance о 
direct estimate of the 
cells” (that is, within 


analysis of var 
f difference 
error can be made {тоу 


each portion of the sam 
same investigator in the same 


tance it is usual to use the interaction 


between blocks, ete. In the present case а 
m the Variations“ 


within block. investigators 
ple for Which the materia] is collected by the 
Seographical are 


degrees of freedom. 
It is also possible to carry out 


in each cell by rejectin: 
and the results are 
schedules used for t; 


the frequencies 
This was done, 
The total number of 
i based on 524. degrees 
ong the sub-samples, 
Sub-samples, 


525, so that the to 
es of freedom fo 


T Comparison am 
stimatin g 


the Variance within 
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The ratios of variance with unequal as well as equalized frequencies in each cell 
are shown in the lower half of Table 14. The results are broadly similar, but equalization 
of frequencies makes the comparison more stringent, as a number of ratios are significant 
here, but not in the analysis with unequal frequencies. 
TABLE 14. BENGAL LABOUR ENQUIRY—JAGADDAL, 1942: ANALYSIS OF VARIANCE 


(3 blocks X 5 investigators) 


expenditure in rupees consumption 
А age per month per capita of cereals in 
sources of variation d.f. in years lbs. per head 


total food cereals per month 
—————————Á———À' E en ieu и 
(2) (3) (4) (5) (6) (7) 


(1) 2 
— „é... ^ od 


values of variance 
(a) actual (unequal) number of families per cell ( = 589) 


between blocks 2 76.1 600.5 23.4 0.08 82.5 
botweon investigators 4 211.6 220.4 19.5 LS 61.8 
blocks x investigators 8 134.1 114.1 11.2 1.9 212.4 
between sub. samples 14 147.9 2214.8 15.3 1.5 151.1 
Within sub-samples 574 112.7 172.9 10.2 0.6 97.3 
total 588 113.5 173.9 10.3 0.6 98.6 
mean value = 38.84 19.16 7.80 3.05 35.59 
standard deviation — 9.71 11.41 3.15 0.73 8.64 
coefficient of variation — 25.0 59.5 40.4 23.9 23.8 
(b) equalized number of families per cell (n = 525) 
between blocks 2 62.13 805.52 36.5 0.07 79.6 
betwoen investigators 4 304.84 . 275.78 22.3 1.25 114.7 
blocks x investigators 8 78.47 129.38 9.6 1.47 152.8 
between sub-samples 14 140.81 267.80 16.8 1.21 132.0 
Within Sub-samples 510 127.74 168.12 9.9 0.49 100.3 
total 524 128.09 170.78 10.1 0.51 100.8 
Mean value = 39.31 20.86 8.15 3.09 35.96 
Standard deviation ks 11.32 13.07 3.18 0.71 10.04 
coefficient of variation — 28.7 62.6 39.0 22.9 27.9 
ratios of variance 
(a) actual (unequal) number of families per cell (n — 589) 
between blocks 2 0.68 3.51* 2.29 0.13 0.85 
between investigators 4 1.88 1.27 1.91 2.17 0.63 
blocks yx investigators 8 1.19 0.66 1.10 3.177 2.18 
between sub-samples 14 1.31 1.24 1.50 2.507 1.55 
within sub-samples 574 E چ‎ = = = 
total 588 — — = — — 
(b) equalized number of families per cell (n — 525) 
between blocks 2 0.49 4.791 3.69* 0.14 0.80 
between investigators 4 2.39* 1.64 2.26 2.55* 1:16 
blocks yx investigators 8 0.61 0.77 0.98 3.001 1.53 
between Süb-samples 14 1.10 1.59 1.70 2.477 1.32 
within sub-samples 510 — == = = s 
524 — = — — — 


total 


* Significant at 5 per cent level. Т Significant at 1 per cent level, 
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S l points are worth noting. Firstly, it will be noticed that, except in the 
evera S а i t oa ms 
e of neun. expenditure on cereals, the interaction (blocks x iny estigators) variances 
as y ех à Ў : e 
id ot significant, showing that the Fisherian assumption of the inter 
are n g А 


‘action variance being 
Ё i? ithin- iance is bro: 
about the same as the “true within-cell varan 


adly confirmed. 


The significant value itself was further analysed, block by block and investigator 
by investigator, by Janardan Poti and K. C, Cheriyan; and it was found that the abnormally 
high values were due to one single investigator in one Particular block. This shows the 
possibilities of deeper analysis offered by replicated inter-penetrating samples, 


Investigator differences were insignific. 
level in two cases. Personal equations h 
influence was not large. 


ant in two cases, and Significant at 5 per cent 


ad not been completely eliminated but their 


Nagpur Labour Enquiry 1942-43, 1 
enquiry carried out in Nagpur in 1942. 
the Institute, under the technic 
case the design was arr. 
investigators with praet 
block-investigator cell. 

t 


am giving a se 
-43 by M. P. Shrivast; 
al guidance of the Indian 
anged in the form of ar 
ically the same number o 
The analysis of ү, 


cond example from a labour 
ava, at that time a worker of 


Statistical Institute, In this 
andomized block o 


f family schedules. 
ariance is shown in Tabl 


f five zones and four 
—namely, fifty in cach 
e 15. 


TABLE 15, NAGPUR FAMILY BUDGET ENQUIRY, 1943: 


ANALYSIS OF VARIANCE 
(5 zones x 4 investigators) 


total hly ex i 
Sources of variation Af. income E —— 
total food cereals 
(1) (2) (3) (4) (5) (6) 
(a) values o£ variance 
between zones 4 4,439.58 3,707.91 708.41 206.83 
between investigators 3 85.43 597.08 77.09 3.70 
zones x investigators 12 382.54 397.28 177.75 49.80 
between sub- samples 19 1,189.74 1,127.07 237.58 75.61 
within sub-samples 977 401.57 384771 84.73 24.99 
total 996 424.6 398.87 88.33 25.95 
mean values (in rupees) — 36.09 34.96 20.09 11.41 
standard deviations = 18.60 16.12 8 $ 53 E 
coefficients of variation — 51.5 46.1 42.5 ae 
Ы . 0 
(b) ratios ОЁ varianco 
between zones 4 11.06} 9.647 8.367 8.287 
between investigators 3 0.21 1.55 0 : 91 0 ; 15 
zones X investigators 12 0.95 1.03 2 | 10* 2 pe 
between sub-samples 19 2.961 2.937 2.80} 3.024 
within sub- samples 977 E — "i = 
total 996 


— = 
* Significant at 5 per cent level, a 


T Significant at 1 per cent level, 
Tt will be noticed that in this с 


ase the sub. samples are all 
Block differences aro 


Med Significantly differentiated. 
also highly significant in each case, 
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lt may be mentioned here that in the Nagpur enquiry the blocks had been deliberately 
demarcated on lines which could almost certainly be expected to show large differences 
in income and conditions of living. For example, one block consisted almost exclusively 
of employees of the Bengal Nagpur Railway Workshop, who certainly earned higher wages 
and had generally a higher standard of living. The other blocks also were differentiated 
In many ways. 


Tt is, however, most satisfactory to find that investigator's differences were negligi- 
ble in every ease, showing that personal equations had been completely eliminated. It is 
only by an analysis of the present kind that one can be certain on this point. 


Margin of error of cost of living index: Similar studies are also possible in regard 
to the margin of error of the index-number of cost of living. For example, the C.L. index- 
number ean be calculated separately for each block-investigator cell. Adopting 1941 
Consumption pattern as base and 1942 and 1945 prices, the results are given in Table 16. 
Tn this table the number of 1941 family schedules on which each index-number is based 
is given within brackets. From the values of the index in different cells it is possible to 
calculate the standard error of the marginal index-numbers separately for each block or 
for cach investigator; and finally, in the same way, the standard error of the over-all index 


number, These are shown in Table 16. 


TABLE 16, BENGAL LABOUR ENQUIRY: JAGADDAL COST-OF-LIVING INDEX 1942 
AND 1945, WITH 1941 AS BASE BY BLOCKS AND INVESTIGATORS 
(WITH SIZE OF SAMPLE WITHIN BRACKETS) 


——. n ̃˙ ³ Gent;Tt—: ..... 
total 


investigators 


blocks 


size of 
1 2 3 4 5 samplo mean index 
Ы | їп?41 with s.e. 
NM V - 3 : 
(0) 0) (2) (3) (4) (5) (6) (7) 
1942 cost-of-living index 
1 120 (33) 122 (38) 122 (33) 124 (31) 124 (27) 157 122 + 0.67 
2 122 (36) 120 (36) 121 (31) 124 (31) 118 (34) 168 121 4 1.88 
3 121 (37) 123 (36) 121 (45) 121 (34) 121 (29) 181 121 4 0.36 
4 119 (20) 122 (18) 120 (20) 123 (23) 121 (18) 99 121 + 0.65 
5 121 (1) 124 (9) 124 (8) 124 (6) 124 (7) 37 123 + 0.53 
* (1941) (133) (132) (137) (125) (115) 642 — 
mean index 121 + 0.46 122 4 0.57 121 + 0.41 123 K 0.41 121 1.04 — 123 4- 0.33 
1945 cost-of-living index 
271 (31) 279 (27) 157 276 + 2.0 
1 7 280 (33) 275 (33) 271 ( 
2 " e 265 me 284 (31) 269 (31) 267 (34) 168 269 + 3.6 
3 264 En 274 (36) 278 (45) 272 (34) 269 (29) 181 272 4- 2.4 
4 2 p 274 (18) 271 (20) 297 (23) 263 (18) 99 275 4- 6.2 
5 en: “л 279 (9) 296 (8) 274 (6) 284 (7) 37 279 4. 6.2 
- 7 9n 2 — — 
* (1941) (133) (132) (137) (125) (115) 64 
273 4 2.56 279 4 2.09 276 ± 4.57 971 4 2.87 = 273 4 1:64 


Mean index 265 4 1.38 
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It will be noticed that the 1942 mean index is 122 with a standard error of about 
0.4 (which is only about 0.3 per cent of the mean value). The standard errors of marginal 
index-numbers are quite small and usually less than 1, 


The 1945 C.L. index has a standard error of 1.6 or about 0.5 per cent of the mean 
index-number 273, Standard errors in 1945 were, however, 
with standard errors in 1942. This is partly accounted for b 
relatives had varied very little among themselves (roughly 
values) in 1942, price relatives had varied among themse 
mean values in 1945, 


much higher in comparison 
y the fact that whereas price 
about 10 per cent of their mean 
lves about 80 per cent of their 


Analysis of variance has been also carried out both for fiv 
tors and for three blocks X five investigators (for the 
of schedules are nearly equal). The results 


e blocks x five investiga- 
three blocks in which the number 
аге shown in Table 17. 


TABLE 17. BENGAL LABOUR ENQUIRY—JAGADDAL, 1941, 1942 AND 1945: ANALYSIS OF 
VARIANCE : COST-OF-LIVING INDEX FOR 1949 AND 1945, WITH 1941 AS BASE 


5 blocks x 5 investigators 3 blocks x 5 investigators expected ratio 
source of variation 


ee анаан Se eee 
d.f. variance ratio d.f. variance ratio 5% 1% 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 


1942 with 1941 as base 


between blocks 4 5.25 2.40 2 2.60 0.80 4.46 8.65 
between investigators 4 4.50 2.19 4 2.06 0.63 3.84 7.01 
residual 16 2.12 8 


а 3.27 — = ست‎ 
total 24 3.04 — 14 2.83 — — 


1945 with 1941 as base 


between blocks 4 59.75 0.81 2 37.80 1.54 4.46 8.65 
between investigators 4 194.00 2.64 4 69.00 2.81 3.84 7.01 
residual 16 73.44 — 8 


‚ 24.66 — — — 
total 2 91.8 — 14 39.14 —. 


It is scen that block and investig 
1942 and 1945. Thi 


It is of course also possible to Study the cost-of-livin 


g index for different groups 
8 separately in each block-investigator cell. 


Illustrative results are given in Table 18. 


of item 


y other possibilities of breakdowns. For example, the cost-of-living 
К rent over-all size of households. Relative 
figures are given i 


living index-number did not 


5 in the same way in all expenditure levels. 
1 to working-class families 


RECENT EXPERIMENTS IN STATISTICAL SAMPLING IN I. S. I. 


TABLE 18. BENGAL LABOUR ENQUIRY—JAGADDAL, 1941, 1942 AND 1945 : 
COST-OF-LIVING INDEX BY BLOCK x INVESTIGATOR 


food clothing fuel and light iniscellaneous total 
block investi- 


по. gator по. 1942 1945 1942 1945 1942 1945 1942 1945 1942 1945 


1 1 120 276 159 310 126 258 114 275 120 270 
E 121 279 159 304 129 285 117 293 122 280 

3 122 277 160 310 127 277 119 285 189 975 

4 125 280 156 301 130 289 120 971 124 271 

5 120 280 160 314 125 275 125 287 124 279 

total 122 280 159 308 127 276 119 283 122 275 

п 1 123 273 159 306 127 280 114 253 122 263 
E 121 270 158 304 126 289 114 262 120 965 

3 122 219 207 125 267 117 303 121 284 

4 125 272 305 127 283 120 271 124 269 

5 121 270 156 304 126 281 113 273 118 267 

total 122 273 157 304 126 280 116 273 121 269 

111 1 122 275 156 297 129 293 114 249 121 264 
2 127 277 161 304 124 281 114 279 123 274 

3 121 280 160 306 195 288 117 289 121 278 

4 121 281 153 298 125 283 115 266 121 272 

5 122 269 159 305 125 280 115 278 121 269 

total 123 277 158 302 126 286 115 272 121 272 

Iv 1 119 272 153 126 280 114 256 119 263 
2 124 274 158 126 285 115 292 122 274 

3 121 274 157 131 303 114 290 120 271 

4 122 306 161 124 273 120 311 123 297 

5 124 275 154 123 274 112 253 121 263 

total 122 281 157 126 283 115 283 121 275 

v 1 120 266 159 304 128 259 118 281 121 260 
2 194 288 158 303 127 266 119 292 124 279 

3 119 273 162 312 266 123 340 124 296 

4 123 283 158 315 125 240 120 280 124 274 

5 125 280 163 309 131 276 114 315 124 284 

total 122 277 160 308 127 264 119 308 123 279 

1-y 2 27 57 303 127 278 114 258 121 - 265 
2 123 216 159 304 126 284 115 280 122 273 

3 121 278 159 296 126 282 118 293 121 279 

4 124 283 157 305 127 982 119 971 123 276 

5 123 276 158 307 126 278 117 278 121 271 


total 122 277 158 303 126 280 117 276 122 273 
— ق‎ ee ee _ _ лш ш 


N.B.—No change їп “rent and tax.” 
TABLE 19. BENGAL LABOUR ENQUIRY—JAGADDAL, 1941, 1942 AND 1945: 
COST-OF-LIVING INDEX BY SIZE OF FAMILY 
Sizo of no. of food clothing fuel and light miscellaneous total 


family famil; = 
in 1941 ja Mt 1942 1945 1942 1945 1942 1945 1942 1945 1942 1945 


; 2 310 124 274 117 272 121 270 

2 Ek. 124 n DEB 197 286 14 2585 123 273 
3 69 123 280 157 299 127 287 114 275 122 272 
4 70 — 1232 280 16 — 307 129 вв 7 281 192 277 
5 56 121 285 154 296 127 284 118 287 122 279 
6 34 122 95 — 157 207 —129 — 282 18 — 285 122 2571 

7 19 194 280 155 295 131 284 120 286 125 275 

8 43 122 280 17 302 132 294 126 284 124 274 

9 12 198 285 184 — 294 131 273 10 292 124 278 
10 1 125 294 160 324 119 228 119 272 123 270 
E me 3 124 388-— 159 300 ——197 - 304 124 266. 127 279 
13 3 125 279 157 296 — 138 36 — 128 286 128 278 
14 1 194 281 161 306 139 323 119 346 126 2236 
total 641 122 277 158 305 126 280 117 276 122 273 


N. B. No change in rent and tax.” 
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TABLE 20. BENGAL LABOUR ENQUIRY—JAGADDAL, 1941, 1942 AND 1945 : COREE 
LIVING INDEX BY EXPENDITURE LEVELS IN RUPEES PER MONTE PER FAMILY 


penditure no. of food clothing fuel and light miscellaneous total 
ех] ا‎ * - 
in УЯ a2 1941 1942 1945 1942 1945 1942 1945 1942 1945 1942 1945 
22 123 276 156 308 126 121 301 123 
10-39 189 122 275 158 306 126 114 281 121 
20-29 199 123 275 158 306 125 115 273 121 
30-39 107 193 277 15т 301 126 117 268 122 
40-49 56 122 291 157 301 128 118 279 122 
50-59 30 122 281 161 305 129 123 276 124 
60 & above 38 124 276 161 304 129 123 277 125 
total 641 122 277 158 305 126 117 276 122 


N.B.—No change in “rent and tax.” 


Comparison of consumption in 1941 and 1945. As already mentioned, family 
budget enquiries were repeated in the same area in 1941 and also in 1942 and again in 1945. 
This enables a direct comparison being made of levels of consumption in different years. 


Somewhat similar material also happens to be available for Calcutta middle-class families 


in 1939 and in 1945. As prices and consumption patterns had not changed very much 
in Bengal between 1939 and 1941, the above two series can also be used to compare (at least 
approximately) the changes in patterns of consumption ir 


1 working-class and middle-class 
families. 


Relevant data are given in Table 21. 


The name of the item is given in col. 1, and 
the unit of measurement in col. 2, 


The over-all per capita consumptions in 1945 and 1941 


TABLE 21. COMPARISON ОЕ CONSUMPTION IN DIFFERENT YEARS FOR WORKING 


AND MIDDLE-CLASS FAMILIES IN BENGAL 
Jagaddal working-class Calcutta middle-classes 
SSS ae م ل‎ a RT 


unit 


per consumption per index-number, consumption per index-number, 
item head capita per year 1945 : 1941 capita per year 1945: 1939 
Den === SS M re — — 
year con- con- 
1945 1941 — sump. 


prices 1945 


5 1939 — sump. ` prices 
tion tion 
4 PE ue 1 у. um (8) 


(9) (40 
rice and produets lbs. 214.0 321.8 


2 66.5 273 221.4 224.7 99.5 298 
wheat and products 5 133.3 113.6 117.4 187 85.6 74.1 155 258 ` 
all cereals leg x35. 39040 298.7 1025 — 
pulses A 68.3 70.0 отв 306 .345 32.1 107.6 317 
potatoes Я 50.2 64.8 77.5 295 BED “бл р 377, 
milk and produets i 18.8 43.2 42.3 309 75:9. dULE а 333 
butter and ghee 5 0.66 3.9 168 210 1.6 16.5 100 333 
oil ie 20.5 — 15.2 134.7 e Jél фу) mes 238 
salt » 12.0 15,9 73.6 190 11.8 173 68.3 300 
sugar and gur » 26.4 15.0 176.0 185 27.9 48.6 57.6 172 
fish т 12.1 13.1 9242 300 245 буз 4.8 i 
meat » 8.0 12.0 66.6 343 7.7 11.5 61.0 360 
eggs no. m = — == 7 2. 3 562 ‘ 
8081 Te 2971 279.0 1955 р DS ——e 8 
fire wood » 302.0 405,7 74.4 330 = == — — 
cloth (dhuti) yds. 6.9 9.9 69.7 283 E — — ue" | 
clothing (lungi) » 0.6 ° 0.5 120.0 416 pes = a = 
number of families — 755 641 — =4 61 115 — — 
" persons — 2,318 1,866 = = 4,335 107559 — = 
е persons per , А 
family — 3.06 2.91 — E 7.11 9.16 = E 
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for working-class families are given in cols. 3 and 4 respectively. The consumption in 1945 
expressed as a percentage of the corresponding consumption in 1941 is given in col. 5; and 
the price ratios in col. 6. Similar data for per capita consumptions in 1945 and 1939 in 
middle-class families are given in cols. 7 and 8. The ratio of consumptions is given in 
col. 9, and price ratios in col. 10. 


I should mention here that food began to be rationed in 1943. The ration of rice 
Was somewhat restricted owing to shorter supply. and the price eontrol was arranged in 
Such a way as to make “wheat” and "wheat products" comparatively cheaper. Sugar was 
Strictly rationed, and there was a partial rationing of oil. 


The consumption of all cereals had dropped very appreciably to about 79 per cent 
In working-class families. although there was an increase in the consumption of wheat, 
Owing no doubt to more favourable prices. In middle-class families the cereal consumption 
(which had been originally much lower in comparison with working-class families) had 
remained more or less steady. but there was а higher consumption of wheat. The consump- 
tion of Sugar had increased a great deal (to 176 per cent) among working-class families, 
but had decreased appreciably in middle-class families, due almost certainly to rationing. 
The Consumption of oil had increased somewhat in working-class families, which was probably 
due to partial rationing and as an offset against the practical discontinuance of the use of 
higher-quality fats like butter or ghee (clarified butter). In practically all other items the 
Consumption had decreased very seriously in 1945 in both working-class and middle-class 
families at Jagaddal and in Caleutta. 


Margin of error of index-number of earnings and consumption. As information 
had been collected about total earnings of different families in 1941 and 1945, it is possible 
to calculate the average increase in earnings. The geographical blocks had been kept the 
Same in both years. It is possible therefore to calculate average earnings for each block 
Separately in 1941 and 1945, and hence to calculate the ratio of earnings for each individual 
block, Similar- material is also available for a number of other items like monthly 
*Xpenditure, consumption of cereals, pulses, vegetables, vegetable oil, meat and fish, dairy 
Products, and clothing. Index-numbers for 1945 with 1941 as base can be therefore 
calculated for all these items for each of the five geographical blocks at Jagaddal. "These 


index-numbers are shown in Table 22. Similar figures were available for index-numbers 


9r 1949 with 1941 as base, but these have not been printed here. 


Table 22 supplies some idea of variations in the index-numbers from block to block. 
Tt is Possible to form an unweighted average index for the whole area, and also to calculate 
© unweighted standard error from the figures for the different blocks. These unweighted 
average index- numbers for 1942 on 1941 are shown in col. 3, and for 1945 on 1941 in col. 4 
9f Table ?4. Information regarding the size of the samples in 1941 and in 1945 in the 
ifferent blocks is given together with their harmonic mewe at the top of each column in 
-able 22, Using such harmonic means as weights, a series of weighted averages with 
Standard errors were calculated, and are shown in col. 5 of Table 24. 


Mean values of monthly earnings, expenditure, and consumption of various 
Commodities for working-class families in Jagaddal in 1941, 1942 and 1945 are shown in 
a о < 1<, H . 
able 23. In this table figures have been given both on a “per family" and “per capita" 
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TABLE 22, BENGAL LABOUR ENQUIRY—JAGADDAL, 1945 AND 1941: INDEX-NUMBERS 
FOR 1945 WITH 1941 AS BASE (— 100) 


(а) per family basis (b) per capita basis 


block 1 block 2 block 3 block 4 block 5 block 1 block 2 block 3 block 4 block 5 


n (1941) 157 168 181 99 37 516 484 434 268 2 
n (1945) 195 212 192 104 51 580 601 467 374 28 
harmonic ane, ® 
items mean 174 188 186 101 43 546 536 450 312 208 
(1) (2 (3) (4) (5) (6) (7) (8) (9) (10) (11) 
cost of living 275 269 272 275 279 275 269 272 275 279 
earnings 173 195 207 228 221 191 199 204 172 176 
expenditure 165 179 194 212 206 182 183 191 160 164 
cereals 78 80 80 107 81 86 82 79 81 65 | 
pulses 89 115 93 126 98 98 118 91 95 78 
vegetables 90 98 103 113 92 99 100 101 85 73 
vegetable oil 94 149 176 166 136 104 153 173 111 108 
meat and fish 71 78 — 104 95 72 79 80 102 72 57 К 
species and salt 75 74 71 88 109 83 6 70 67 87 


dairy products 30 48 46 47 32 34 
clothing 73 73 83 87 92 


TABLE 23. BENGAL LABOUR ENQUIRY—JAGADDAL, 1941, 1942 AND 1945; AVERAGE 
EARNING AND EXPE 


NDITURE AND QUANTITY CONSUMED PER MONTH 


unit of 
serial no, item measurement 1941 1942 1945 
per month 
(1) (2) (3) (4) (5) (6) 
avorage size of family 2.91 2.79 3.06 
(a) per family basis 

18 earning rupees 26.93 + 0.92 36.38 + 1.22 56.40 + 5. 16 
2. ^ expenditure » 30.11 +4 1.16 35.57 K 1.16 57.61 + 5.38 
3, cereals : pounds 103.41 4 5.70 9.08 4 5.53 87.49 4 7.03 
„ Pues E 15.47 4 0.70 12.61 K 0.56 15.93 4 0.82 
5. vogetables y 32.32 4 2.20 31.41 4 1.52 31.56 4 2.55 
6. vegetable oil M 3.56 40.19 3.4840.19 5.10 4 0.47 
7. meat and fish p 5.00 4 0.35 5.90. 0.33 5.00 4 0-33 | 
8. species and salt s 5.74 + 0.33 5.74 + 0.29 4.96 + 0.97 
9. ^ dairy products + 13.31 4 1.69 12.08 4 1.46 5.10 + 0.88 

10. clothing yds. рог year 60.49 4 2.1] 55.49 +2.52 49.77 5:78 

(b) per capita basis 

1. earning rupees 9.01 + 0.42 
2. expenditure » 9.93 + 0.35 
3 cereals pounds 33.37 + 0.74 
4 pulses " 5.16 + 0.25 | 
B vegetables » 10.45 + 0.45 | 
6 vegetable oil » 1.15 + 0.04 | 
7 meat and fish » 1.97 + 0.02 | 
8. species and salt th 1.85 4- 0.06 | 
9. dairy products » 4.05 л 0.23 

10. clothing yds. per year 19.92 +. 0. 
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TABLE 24. BENGAL LABOUR ENQUIRY—JAGADDAL, 1941, 1942 AND 1945; 


INDEX-NUMBERS OF EARNINGS, EXPENDITURE AND CONSUMPTION 
5 1942 : 1941 1945: 1941 
serial no, item = 
unweighted unweighted weighted ratios of average 
average of ratios average of ratios average of ratios 
(1) (2) (3) (4) (5) (8) 
cost-of-living index 122 4- 0.33 273 + 1.64 272.8 4 1.3 — 
(a) index. number on “per family" basis 
1. earnings 137 + 4.3 205 + 9.8 199.14 8.3 205.8 + 20.50 
2. expenditure 121 + 5.1 191 2- 8.6 186.0+ 7.3 191.3 + 19.35 
3. cereals 98 + 6.1 85 + 5.5 83.5 4. 4.4 84.64 8.78 
4. pulses 86 4. 5.4 104 +. 7.0 103.14 6.2 103.04 7.09 
5. vegetables 105 99 + 4.1 99.24 3.4 97.6 + 10.33 
6. vegetable oil 101 ＋ 5.5 144 4- 4.3 144.1 + 14.0 148.3 + 15.28 
7. meat and fish 106 +- 7.0 84 + 6.6 85.3+ 6.1 $2.14 7.20 
8. Species and salt 105 + 7.0 83 3. 7.0 77.7 3 4.3 86.4 + 17.61 
9. dairy products 100 + 9.3 41 + 4.0 41.84 3.5 38.3 4 8.37 
10. clothing 92 4- 5.8 82 + 3.8 78.9 4 2.8 82.34 9.98 
(b) index-number on “per capita” basis 

1. earnings 141 4 7.2 188 * 6.3 191.5 4 5.1 183.6 + 14.83 
2. expenditure 122 + 5.7 176 4 6.0 179.1 4.8 173.2 4. 13.09 
3. cereals 97 + 3.0 79 4- 3.6 80.5 4- 3.4 78.2 + 4.75 
4. pulses 85 + 4.3 96 + 6.5 99.2 + 5.6 96.5 + 13.22 
5. vegetables 106 + 7.5 92 + 5.5 94.9 + 4.1 90.5 ± 7.15 
6. vegetable oil 98 + 3.6 130 + 14.0 133.4 + 5.8 132.2 +- 18.52 
7. meat and fish 109+ 8.1 78+ 7.8 80.5 + 6.5 11.24. 7.81 
8. Species and salt 105 + 5.0 77 4 3.8 76.3 + 3.0 75.7 +± 4.14 
9. dairy products 100 4- 9.0 384+ 4.3 40.3 + 4.2 37.04 2.58 

10. clothing 93 + 3.4 15+ 2.8 76.4 4- 2.2 73.8-+ 4.95 


basis, and the standard errors have been calculated from the block figures in 1945 and 1942. 
From this material, index-numbers can be prepared for 1945 with 1941 as base by dividing 
the mean values in 1945 by the corresponding mean values in 1941. One measure of the 
Standard error of the index-number can also be obtained by compounding the standard 
error of the two mean values. These index-numbers are shown in col. 6 of Table 24, 
in which the C.L, index-number has been also given at the top for convenience of reference, 


Index-numbers for 1945, calculated in three different ways, are given in cols. 4,5 
and 6 of Table 24, It will be noticed that it does not matter very much which particular 
method of calculation is followed, as the three index-numbers are in broad agreement. 


Tt is of course possible to make a deeper analysis by taking into consideration the 
Sampling errors within each block, which however, would entail a great deal of computational 
labour, My purpose here is to draw attention to the possibility of making rough but 
Quick comparisons by using the mean values for replicated sub-samples. 


I have no desire to discuss the economie implications, but may just note that, 
With a cost-of-living index of 273 and an index-number of earnings of 205, the index-number 
of real wages was 75 in 1945, The index-numbers of consumption shown in col. 5 of Table 21 
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or cols. 5 or 6 of Table 24 are in broad agreement with this value. Consumption of essential 
articles had naturally remained more steady, while consumption of other commodities had 
decreased more appreciably. I am not competent to discuss the economic aspects of the 
subject. My object is to point out that even approximate values of the margin of error 
are likely to be useful in obtaining a more critical appreciation of the economic situation. 


I may mention here that in working-class family enquiries at Jagaddal arrangements 
had been made to keep a certain number of families common in the enquiries in different 
years. This enables a direct comparison of the change in the consumption pattern being 
made on a family or household basis. In fact the form in which the material has been 
collected makes it possible to undertake a critical study of such enquiries. Owing to lack of 


resources, we have not been able to take up this work seriously, but Ambika Ghosh and 
H. K. Chaturvedi are doing what they can. 


TABLE 25. BENGAL SAMPLE SURVEY (1936-42): ESTIMATED CONSUMPTION OF FOOD 
ITEMS IN POUNDS PER HEAD PER YEAR BY EXPENDITURE LEVELS 


levels of family expenditure in rupees per month 

food items = wll 

0-10 10-20 20-30 30-50 50-100 100-200 200-300 300-- levels 

(1) (2) (3) (4) (5) (6) (7) (8) (2) ao 

rice 310.22 371.93 370.28 360.41 342.31 278.95 257.55 262.49 341.48 

rice products 4.11 5.76 10.70 9.87 10.70 10.70 9.87 5.76 8.23 

wheat products 1.64 7.41 13.16 17.98 26.23 44.43 59.94 75.70 19.75 

all cereals 315.97 385.10 394.14 387.56 379.34 334.08 326.66 343.95 369.46 

pulses 15.63 27.98 27.03 36.20 32.91 31.27 34.56 36.20 32.91 

salt 9.87 13.27 13.99 14.07 15.63 15.03 17.28 18.10 15.30 

potatoes 12.34 26.33 32.09 37.03 48.55 63.36 79.81 108.61 48.55 

vegetables 22.22 18.45 39.50 44.43 65.00 94.21 109.44 139.88 64.26 

oil 5.76 87 11.52 12.34 15.63 19.75 21.39 25.51 14.81 
sugar and gur 3.29 


9 

9.05 12.34 14.42 23.86 54.31 36.20 41.96 24.31 

8.23 11.52 14.82 23.86 41.96 49.37 57.60 25.51 
64 4.11 5.76 5.76 8.23 9.05 11.52 17.28 9.05 

0 

0 


6 

1 
eggs 0.13 16 0.25 0.70 2.01 3.28 4.84 6.04 2.74 
milk and milk products 5 


: 70 23.86 49.37 83.93 145.77 167.86 236.98 84.75 
butter and ghee 9.93 082 1.64 2.47 5.76 10.70 13.16 23.86 6.58 


no. of persons per family 3.67 4.52 4.66 5.68 7.19 9.12 11.62 15.36 5.29 
total no. of families 3,212 4,142 2,885 9,510 1,519 649 208 224 15,409 
total no. of persons 11,788 18,712 13,443 14,947 10,919 5,916 3,088 3,41 81,554 


Per capita conswmption of food items by expenditure levels. 
illustration of the use of the sample survey in investigating consumption patterns. A 
number of enquiries were undertaken in both rural and urban areas i 


n Bengal between 1936 
and 1942. Although economic conditions and prices had changed during this period, the 
actual magnitude of such changes was small in comparison with that which occurred under 
war conditions. It has therefore been considered permissible to prepare a composite table 
showing the per capita consumption of various food items at different expenditure levels 
(in rupees per month per family) based on the above enquiries. 


Relevant data are give? 
in Table 25. The same table has been expressed in the form of index-numbers in Table 26 


in which the over-all average consumption has been adopted as 100, 


I may give another 
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TABLE 26. ESTIMATED INDEX-NUMBERS OF PER CAPITA CONSUMPTION OF VARIOUS 
FOOD ITEMS BY EXPENDITURE LEVEL 


А 


units monthly expenditure in rupees 
food items of 
measure- 300 and 
ment 0-10 10-20 20-30 30-50 50-100 100-200 200-300 above 
a) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

l. rice maunds 8 108.9 108.4 105.5 100.2 81.7 .9 
2. rice produets 0 70.0 130.0 120.0 130.0 130.0 .0 
3. atta flour, ete. "m 3 37.5 66.7 87.5 183.3 225.0 28 
4. all cereals " 5 104.2 106.7 104.9 102.7 90.4 3.1 
5. pulses seers 5 35.0 112.5 110.0 100.0 95.0 .0 
6. salt 5 86.7 91.4 91.9 102.1 102.1 3 
7. potatoes P 4 54.9 66.1 76.3 100.0 130.5 7 
8. vegetables » .6 28.7 61.5 1 101.1 146.0 E 
9. oil .9 66.7 77.8 83.3 105.6 133.3 2 
19. sugar and gur 2 5 37.2 508 59.3 98.1 223.3 6 
ll. fish » 35.8 32.3 45.2 58.1 93.6 1645 8 
12. meat m 18.2 45.4 63.6 63.6 90.9 100.0 .9 
13. eggs number 4.9 бл 13.1 25.5 73.2 119.8 .6 
14. milk and milk produets seers 6.8 12.6 28.2 58.2 99.0 172.0 6 
15. butter and ghee % 8.1 12.5 25.0 37.5 87.5 162.5 6 

index no. of persons per 
family E 69.4 85.4 88.1 107.4 135.9 172.4 217.8 290.4 


The consumption of all cereals is naturally fairly steady, but shows a slight falling 
Off above the expenditure level of Rs. 100 per month. Rice products and wheat are 
increasingly preferred with rising expenditure level in Bengal. Index-numbers for pulses 
and salt are also, on the whole fairly steady. The consumption of all other items increased 
Steadily with rising expenditure level. The disparity in eonsumption is very high in sugar, 
fish and meat, and still higher in the consumption of eggs, milk and milk products, and 
butter and ghee (clarified butter). Another point is worth noting—namely, the steady 
increase in the size of the household with rising economie status. 


RADIO PROGRAMME PREFERENCE SURVEY 


: I shall now give an example of what is usually called “listener research" in the 
United Kingdom. This work was undertaken at the request of the Government of India. 
The object was to ascertain public reactions to the broadcast of war programmes from the 
All-India Radio in the earlier part of 1941. It was apprehended, however, that any direct 
enquiry would meet with considerable psychological resistance. In this situation the 
Indian Statistical Institute undertook to organize a comprehensive public preference survey 
With a broad coverage, including reactions to war broadcasts. ` 


As regards the design of the survey, it may be briefly mentioned that the sample 
Was picked out of households possessing radio licences, of which a list was supplied by the 
Government. The households were selected on the basis of pure space randomization, 
and arranged in the form of several interpenetrating replicates. Information for each 
replicate or sub-sample was collected by an independent set of investigators. The field work 
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was carried out in April-May 1941, and a comprehensive report was submitted to the 
Government in July 1941, but it was not published owing to wartime restrictions. 


Four tables are reproduced below to give a general idea of the approach. Table 27 
shows the frequency (in the form of percentages) of listening “often” to different items of 
the radio programme broken down by age, educational, and occupational groups. The 
size of the sample in each group is shown at the head of each column. 


The nature of the fluctuations in different age-groups is of considerable interest, 
and is on the whole in keeping with what may be called commonsense expectations. For 
example, “war news" had practically the highest preference in almost every group, which 
is just what might have been expected. “News talk" and “foreign news" were also, on the 
whole, generally popular, as these were also mostly concerned with the war. 


In the music and entertainment section it was found that “modern Bengali" and 
“(Rabindranath) Tagore songs," as well as “plays” and “instrumental musie," were, on 
the whole, highly popular, with “devotional music" holding quite a good place; "classical 
music" was, however, distinctly less popular. There were also interesting age-variations 
in this group. Modern Bengali and Tagore songs, plays, and instrumental music were far 
more popular among the younger people, and showed a definite and considerable decrease 


in popularity with increasing age. Devotional music. on the other hand, showed a sharp 
contrast and increasing popularity with age. 


"There are many other interesting points which, however, need not detain us. It 
is the sampling errors to which I should like to draw attention. The values for three 
independent but interpenetrating samples or replicates are shown їп Table 28. The variance 
(calculated from three replicates—that is, on two degrees of freedom) for the different items 
is shown in col. 6. The “within binomial variance” for the whole materialis given in col. 7; 
and the ratio of variances in col. 8. The population is not Gauss-Laplacian, and strictly 
speaking Fisher's F cannot be used to test the significance. The use of F may, however, 
give approximate results, and significance has been shown in the usual manner, 1 


The important point to note is that, except in three cases, errors caleulated from 
the replicated samples are greater than the theoretical binomial errors. 


3 This shows the 
need for caution. 


Iam giving below a table to indicate the practical use of such investigations. In 
this table the index-numbers of frequency of listening are shown separately for XN and 
women in cols. 2.1 and 2.2 respectively. Index-numbers of demand (as expressed by the 
desire of persons interviewed to have more time given to particular items) are shows in 


cols. 3.1 and 3.2. Pooled index-numbers of preference were also calculated by taking the 
average of the two previous index-numbers, and are shown in cols. 4.1 and 4.2. Index- 


numbers of broadcast time actually allotted to various items at the time of the survey are 
shown in col. 5. Dividing the pooled index of preference in cols. 4.1 and 4.2 by the 


index of broadcast time we get index-numbers of disparity given in cols. 6.1 and 6.2 
for men and women separately. | Es 


These index-numbers of disparity indicate to what items more time should be given. 
The disparity index cannot, of course, be treated as a quantitative measure of the time likely 
to be required for satisfaction. For example, the relative demand for talks is very high; 
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but it is possible that a comparatively small increase would enable the satisfaction point 
to be reached. This merely means that the index of disparity has to be re-estimated as 
conditions change. 


Finally, in Table 30 I give the reactions to war broadcasts. It is quite clear that 
early in 1941 enemy broadcasts were found more interesting as well as more convincing 
as compared to All-India Radio propaganda. The margin of error of the results (calculated 
from replicated samples) was reasonably small. In any case, the possibility of estimating 


the margin of error (by using independent networks of samples) is clearly a great gain. 


TABLE 28. CALCUTTA RADIO PROGRAMME PREFEREN 


CES—APRIL-MAY, 1941: PERCEN- 
TAGES OF PERSONS “LISTENING OFTEN” 


TO DIFFERENT ITEMS OF PROGRAMME 


pooled 


sample (replicates) values variance 
Calcutta e... ratios 
radio programme 1 2 3 based on between within of 
item early 1941 replicates samples samples variance 
* = 287 n=268 n= 248 n = 803 ағ =2 ағ. = 800 
(1) (2) (3) (4) (5) (6) (7) (8) 
WAR 
war news 55.8 50.7 57.7 54.7 + 2.52 3,340 2,479 1.35 
news talk 54.0 42.9 55.6 50.8 + 3.99 12,728 2,477 5.141 
foreign news 45.3 40.3 44.8 43.5 + 1.59 2,032 2,461 0.83 
MUSIC 
modern Bengali 48.8 39.6 49.6 46.0 4- 3.38 8,284 2,472 3.35* 
"Tagore 39.4 35.1 46.8 40.4 + 3.42 8,978 2,391 3.75* 
plays 43.6 41.4 42.3 42.4 + 0.67 319 2,452 0.13 
instrumental 42.9 40.7 43.1 42.0 J. 0.70 402 2,444 0.16 
devotional 31.0 28.8 46.8 35.5 -- 5.67 24,734 2,225 11.121 
classical 26.1 20.1 23.4 23.2 + 1.74 2,506 1,794 1.40 
TALKS 
humorous 28.9 28.0 32.7 29.9 4 1.44 1,567 2,094 0.75 
scientific 27.9 21.8 29.4 26.2 + 2.49 4,958 1,926 2.57 
literary 24.4 16.0 14.9 18.4 + 3.00 7,364 1,506 4.8977 
educational 23.7 20.9 30.6 25.1 + 9.88 6,450 1,861 3.47* 
music lessons 18.1 19.8 24.6 20.8 + 1.95 2,953 1,639 1 80 
MISCELLANEOUS 
children’s programme 14.3 14.9 19.4 16.24 1.61 1,970 1,349 1.46 
women's 12.9 9.3 22.6 14.943.97 12,036 1,228 9.80f 
folk music 14.3 16.0 21.0 17.1 + 2.01 3,130 * 1,404 
= 2. > و‎ 2 
rural programme 13.2 10.1 12.5 


11.9 + 0.94 748 1,055 


— о ИСА 


* Significant at 5 per cent level, T Significant at 1 per cent level 
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TABLE 20. RADIO PROGRAMME PREFERENCE—CALCUTTA, APRIL-MAY, 1941: INDEX- 
ү NUMBERS OF PREFERENCE, BROADCAST TIME AND DISPARITY BY SEXES 


a ل و‎ Е 


index-numbers of 


name of listening demand preference broad- disparity 
programme item (pooled) cast 
Í timo e 
men women men women men women men women 
(1) 8.) G8. 18.1) (8.99 (4. 1) (3.3) (5) (6.1) 66.2) 
: WAR 299 186 148 47 224 116 154 145 75 
news talk 92 116 27 136 60 24 507 250 
MUSIC 
modern Bengali 140 148 207 210 174 179 262 66 68 
Tagore 123 128 184 236 154 182 47 328 387 
plays 130 188 172 236 151 212 125 121 170 
instrumental 128 114 175 176 151 144 134 118 107 
devotional , 107 114 142 155 124 134 219 57 61 
classical 71 87 47 54 59 90 208 28 43 
TALKS 
humorous 91 94 104 108 98 101 8 1,225 1,262 
scientific 80 27 102 34 91 30 4 2,275 750 
literary 57 47 74 27 66 37 3 2,200 1,233 
educational 76 67 90 68 83 68 20 415 340 
music lesson 63 101 28 94 46 98 65 71 151 
MISCELLANEOUS 
children’s ` 40 74 45 33 47 54 174 27 31 
Women’s 45 136 38 203 43 170 73 58 233 
folk music 57 40 20 7 38 24 49 78 49 
rural 37 54 9 13 28 20 131 18 15 


TABLE 30. WAR BROADCAST REACTIONS: CALCUTTA SAMPLE, APRIL-MAY, 1941 


= ——SæSäs 2... 


porcentage of persons finding the broadcast 


Source of broadcast interesting convincing effective propaganda 
n mean s.e. n mean s.e, n mean 8.0. 
— - 
(1) (2) (3) (4) (5) (6) (7) 
— 
enemy % 36.1 202 — 13 34.5 2.18 1% 40.5 260 
allied (mostly ATR) 56 14.5 1.11 41 10.6 1.10 57 14.8 1.80 
neutral (incl. USSR) 34 88 0.74 90 350 1.18 19 4.9 0.62 
no opinion МО O a їй ‚ад MM ы NEUEM V 
total 385 99.9% 385 99.90% 385 99.9% 
ERI n 


N. B.— Standard errors based on eighteen sub-samples. 
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CALCUTTA PUBLIC PREFERENCE SURVEY, 194] 


[ Parts 3 & 4 


I shall give another example of a different type, something like what is called publie 
preference or "Gallup" polls in the west. was carried out in certain sections 
of Calcutta middle-class families along with the broadcast reaction survey. 
covered.a large number of items including preferences for classical and modern literature 
in both English and Bengali, different kinds of games, tobacco, pan (betel leaves) ete., and 
a number of social and political questions. A few tables 


The survey 


The schedule 


are given here for purposes of 


illustration. 
TABLE 31. CALCUTTA PUBLIC PREFERENCE SURVEY, 1941: 
POSSESSION OF HOROSCOPES 
number of persons difference 
between 
groups having horoscopes observed х? 
total 


and 


observed expected expected 
. z — CA RN Cai [qi — 
(1) (3) (3) (4) (5) (6) 


total sample 1,470 919 7 = 0.625 
(a) by age group 
below 18 years 38 23 23.8 — 0.8 0.07 
19-25 = 259 145 161.9 ~16.9 4.70 
26-35 у 486 297 303.8 — 6.8 0.41 
36-55 » 601 405 375.6 29.4 6.14 
above 55 » 86 49 53.8 — 4.8 1.14 
P (x2) = 0.015, af, — 4, X? = 12,46 
(b) by educational groups 
non-matrics 380 195 273.5 —42.5 20.28 
undergraduates 656 437 410.0 27.0 4.74 
` graduates 434 287 271.8 15.7 2.42 
P(x?) < 0.001, af. = 2, x2 — 27.44 
(c) by occupational groups 
students 189 107 118.1 —11.1 2.78 
betty trade 101 43 63.1 —20.1 17.07 
Service 522 329 326.3 2.7 0.06 
business 390 245 243.8 1.2 0.16 
learned profession 177 135 110.6 14.4 5.00 
landlords 91 70 56.9 13.1 8.04 
Р (x2) < 0.001, d.f. = 5, x? = 33.11 

= (d) by expenditure levels (per month per family) 

- below Rs, 40 105 45 65.6 —20.6 17.25 
Rs. 41-Rs. 100 370 210 231.2 —21.2 5.18 
Rs. 101-Rs, 200 386 249 241.2 7.8 0.67 
Rs. 201—Rs, 400 316 216 197.5 18.5 32 
above Rs. 400 241 173 З У Pee 

150.6 32.4 8.88 
P (x2) < 0.001, 44. = 1, X? = 36,60 
3 (e) by communities 
50.6 


P (x2) < 0.001, d£ — 1 
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Table 31 gives the percentages of persons having horoscopes, broken down by age, 
educational and occupational groups, expenditure levels, and communities. The total 
number of persons covered in the survey is shown in col. 2, and the number possessing 
horoscopes in col. 3. The over-all proportion of persons having horoscopes is 62.5 per cent 
The expected number of persons having horoscopes is shown in col. 4, and the difference 
between the observed and expected number in col. 5. The corresponding value of x is 
given in col. 6, 

Variations by age-groups are not important, but non-matries have comparatively 
fewer horoscopes (possibly because non-matrics on the whole belong to lower expenditure 
levels). The occupational distribution shows that the learned profession or landlords 
Proportionately have more horoscopes. The distribution by expenditure levels clearly 
brings out that richer people on the whole have a proportionately larger number of 
horoscopes, Finally, from the distribution by communities it is clear that Hindus are 


much more interested in horoscopes than Muslims. 


TABLE 32. CALCUTTA PUBLIC PREFERENCE SURVEY, 1941: REMARRIAGE ÓF 
WIDOWS AND WIDOWERS 


total number of percentage opinion in favour of 
persons giving = = =a 
opinion about unconditional conditional unconditional indifferent 
groups remarriage of support support opposition 


widows widow- widows widow- widows widow- widows widow- widows widow- 
ers ers ers ers ers 


(9) (10) 


(1) (2) (3) (4) (5) (6) (7) (8) (11) 
— ا‎ p Ө 


(a) by educational groups (males only) 


non-maítries 367 348 19.07 22.42 52.32 58.05 21.15 13.78 7.36 5.75 
undergraduates 658 634 17.02 16.56 62.31 67.67 14.44 9.78 6.23 5.99 
graduates 436 410 26.15 24.15 62.16 65.60 6.19 4.88 5.50 5.37 


total 1461 1,392 20.26 20.20 59.75 04.05 19.00 9.34 бю 5-57 


(b) by sex (all cards) 


men 1,461 1,392 20.26 20.20 659.75 64.66- 13.09 9.34 6.30 5.74 
women ` 37 37 5.41 10.81 48.65 48.65 40.54 35.14 5.40 5.40 
total 1,498 1,429 19.89 20.01 59.48 64.24 14.35 10.01 6.28 5.74 

(c) by community (all cards) 
Hindus 1,408 1,341 17.47 17.52 60.87 65.92 15.13 10.59 6.53 5.97 
Muslims 90 85 457.78 ЫМУ 7,78 480% SAA тм 22 2.97 
total 1498 1,429 19.80 20.01 59.48 64.94 14.35 19.01 6.28 — 5.74 


Table 32 shows the distribution of opinion about the re-marriage of widows and 
Widowers by educational groups, communities, and sex. Figures for unconditional opposition 
to the re-marriage of widows and widowers shown respectively in cols. 8 and 9 are of consider- 
able interest, It is clear that there is much greater opposition to the re-marriage of widows. 
Opposition definitely decreased with increasing educational status, and women are more 
Opposed to re-marriages than men. Finally, unconditional Opposition to re 


i marriage is 
Practically restricted to Hindus. 
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Table 33 shows publie opinion on inter-group marriages, broken down by tig 
groups. From col. 6 it is seen that unconditional Opposition decreases in every UNE i 1 
increasing educational status. On the whole, there x exists rn 0 
inter-marriage between sub. castes (28.2 per cent) which is greater against eee 
between different castes (36.41 per cent). It is interesting to observe that the opposition 
is greater (49.14 per cent) against marriages within the same golra (that is, within PE 
tionally the same patrilineal family or clan) than against mirages between provinces k Й 
percent). Opposition against marriage between communities—i.e,, Hindus and uus 
(60.64 per cent)—is as strong as Opposition to marriages between different €— 
(58.66 per cent). It is interesting to note, however, that on the whole 12 or Ho ger cent 9 
the persons surveyed and about 20 or 22 per cent of graduates are unconditionally in 
favour of inter-communal or international marriages, 


TABLE 33. CALCUTTA PUBLIC PREFERENCE SURVEY: INTER-GROUP MARRIAGE 
BY EDUCATIONAL GROUPS 


FFP 
к= л Mdb MEN 


type of inter-group educational total 
marriage groups number uncon- con- uncon- 
ditional ditional ditional indifferent 
: support Support opposition 
(1) (2) (3) (4) (5) (6) (7) а 

(а) between sub-castes non-matrics 367 19.35 27.79 38.43 14.44 
undergraduates 658 31.00 27.66 30.55 10.79 
graduates 436 44.50 30.96 10.06 8.48 
total 1,461 32.10 28.68 28.90 11.02 
(b) between castes non-matries 367 17.17 22.88 45.78 14.17 
undergraduates 658 23.56 25.84 40.42 10.18 
graduates 436 38.53 30.05 22.48 8.94 
total 1,461 26.42 26.35 36.41 10.82 
(c) within same gotra non-matries 348 12.64 15.23 54.89 17.24 
undergraduates 635 16.70 20.94 51.18 11.18 
graduates 409 26.40 21.03 41.08 11.49 
total 1,392 18.53 19.54 49.14 12.79 
(d) between provinces non- matrices 348 10.92 22.99 53.16 12.93 
undergraduates 635 15.91 27.87 47.87 8.35 
graduates 409 26.65 30.32 32.27 10.76 
total 1,392 17.82 27.37 44.61 10.20 
(e) between communities non-matries 367 8.17 10.90 67.03 13.90 
(Hindus 2nd Muslims) undergraduates 658 9.57 14.13 66.42 9.88 
graduates 436 22.25 19.50 46.55 11.70 
total 1,461 13.00 14.92 60.64 11.44 
(7) between nationalities non-matrics 367 6.27 9.53 67.85 16.35 
undergraduates 658 10.03 17.17 62.16 10.64 

graduates 436 19.50 


21.79 45.64 13.07 
total 1,461 11.91 16.63 58.66 12.80 
ee JM E 18 
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Finally. Table 34 shows publie opinion about religious instructions in colleges, 
broken down by educational groups. From col. 6 it is seen that 59.34 per eent are in favour 
of such instruction and 18.83 per cent not in favour, while nearly the same proportion 
appears to be indifferent. From col. 7 it is clear that opinion in favour of religious instruc- 
tion in colleges definitely decreases with increasing educational status and that nearly one- 
third of graduates are not in favour of such instruction. 


TABLE 34. CALCUTTA PUBLIC PREFERENCE SURVEY, 1941: RELIGIOUS INSTRUC- 
TION IN COLLEGES BY EDUCATIONAL GROUPS B 


U aM —— REM‏ ڪڪ 


number of persons percentage of persons 
educational group = = й 
іп not in indif- total in not in indif- total 
favour favour ferent favour favour ferent 
(1) (3) (3) (4) (5) (6) (7) (8) (9) 

non-matries 288 23 87 397 5.54 21.92 100.00 
undergraduates 422 116 135 663 63.65 17.50 18.85 100.00 
graduates 179 144 115 438 40.87 32.88 100.00 

total 889 282 327 1,498 59.34 18.83 21.83 100.00 


MODEL SAMPLING EXPERIMENTS 


T must refer to another special feature of the Institute—namely, the extensive use 
of model sampling experiments in applied work. For example, in the Bengal erop survey, 
information was collected about the crop grown on each individual field for large tracts, 
and these were recorded on maps. It was then possible to carry out, in the Statistical 
Laboratory, a large variety of model sampling experiments using grids of different sizes 
and densities, Such studies proved most helpful in developing the actual sampling 
technique, 


In the case of space distributions, it has been shown elsewhere that the patch number 
Supplies a. useful concept. Consider a map of, say, an agricultural area with fields which 
ате assumed, for the sake of simplicity, to be of the same size. Suppose each field which 
is shown with paddy is coloured yellow, and fields without paddy are left blank or white. 
The map of any such region would be then broken up into a number of yellow and white 
patches, depending on the actual distribution over space of fields under paddy. If alternate 
fields in both directions are sown with paddy, then the pattern will be something like that 
of a chessboard: and in this case the total number of patches will be equal to the total number 
of fields. On the other hand, if half the whole area is sown with paddy in one compact 
block and the other half is left without paddy, then the patch number will be simply two 
Tn any actual situation the patch number will lie between these two limits. If ihe fields 
to be sown with paddy (ог to be marked yellow) are selected purely at r ) 


ed yellow) andom, then the 
patch number would show a characteristic distribution. 


It is obvious that the design of the sample survey can be m. 


È Жш ade more efficient i 
Something is known about the distribution of the patches, ач) 


For example, if the patch-pattern 
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is of the chessboard type, then it will be quite sufficient to explore (in the ideal limit) only 
two adjoining cells to secure a complete picture. Tf the patch number is only two, then 
the best. plan would be to try to settle the boundary between the two heaps. In any case, 
when there is any appreciable tendency towards patterning, it is often possible to have 
recourse to configurational (which is sometimes called “systematic’’) sampling. 


For two colours (i... for a binomial distribution) in one dimension the theoretical 
solution is known. For more than two colours in one dimension, or for two or more colours 
in two dimensions, complete theoretical solutions have not yet been given, Raj Chandra 
Bose is carrying on mathematical researches on the sampling distribution of the patch 
number in the case of a binomial field in two dimensions, and has obtained a number of 
useful results. 

Investigations are also proceeding on purely experimental lines under the leadership 
of Jitendra Mohan Sen Gupta, A number of different sets of fields each of size 100 x 100 
. e., consisting of 10,000 cells arranged in the form of a square—were constructed and 
filled with numbers from 0 to 9 at random (or, to be more strict, what are believed to be 
arranged at random) in two dimensions. Some were based on well-known tables of random 
numbers, A large number were produced mechanically with the Hollerith equipment by 
the British Tabulating Machine Co., Ltd. By assigning different digits to different colours, 
it is possible to Prepare random distributions of patches on these fields and to study the 
patch number experimentally. Work is being done on a large scale, and has already yielded 
results which, it is believed, would supply useful information for the guidance of practical 
work, as well ag valuable clues for mathematical researches, 


Ishall give one concrete example. Consider an n X x field. Let 


p be the probability 
for a cell to be black, and 1 to be white (0+ д = 1); 


In counting black patches contact 


3 unting white patches contact is permitted both 
along sides and at corners. Let B be the number of black patches and W the number of 


white patches (as defined above), but embedded within black patches, R, C. Bose has 


Expectation E(B — W) = P + 20 — 1)pg + (n — 1)%(pg2 — pq) 


Variance V(B — W) = npg — 4(m — l)p*q — (6n2— 10n-L-4)p&ga ni (62? — 40в-1-50)рау?-- 


+ (ln? — 56» + Say 4 (32n? — 104» + вариа _ (9n? — 30» + 25ypt¢4, 


The results of one series of model sampling experiments are given in the following 
two Tables, 35 and 36. The observed average number of (black minus embedded white) 
patches and the expected number calculated by the above formula are shown in öle, 2 and 3 
of Table 35 for various values of р. The difference between the observed and pha ected 
number divided by the Standard error of the difference (based on the theoretical vans of 
the variance as caleulated from the formula given Above) is Shown in col. 4. Although the 
distribution may not be strictly normal in the Present case, it is likely that the figures in 
col. 4 may behave approximately as normal deviates, It will be noticed that out of 
thirty-six comparisons no fewer than ten are Significant at ] Per cent level and three 
at the 5 per cent level. 
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TABLE 35. MODEL SAMPLING EXPERIMENTS: COMPARISON OF EXPECTED AND 
OBSERVED AVERAGE NUMBER OF (BLACK MINUS EMBEDDED WHITE) 
PATCHES IN A BINOMIAL FIELD 


average number normal average number normal 
p - deviate - deviate 
observed expected observed expected 
(1) (2) (3) (4) (3) (6) (7) 
10 cells x 10 cells (n — 1000) 20 cells & 20 cells (n — 250) 
0.1 7.90 8.21, —3.07T 31.54 32.44 —0.35 
0.2 12.81 12.93 —1.56 49.78 50.18 —1.34 
0.3 14.44 14.46 —0.32 54.83 54.52 0.95 
0.4 13.30 13.21 0.32 48.34 47.67 1.76 
0.8 10.28 10.06 2.17* 33.62 32.56 2.51* 
0.6 5.29 : 5.70 —4.09T 11.97 13.19 —2.93+ 
0.7 0.96 | 1.25 —3.38f 787 — 5.72 —4.70¢ 
0.8 —2.06 —2.02 —0.63 —18.34 —18.53 0.74 
0.9 —2.89 —2.66 — 4.857 —18.34 —18.78 2.03* 
50 cells x 50 cells (n = 200) 100 cells x 100 cells (n = 50) 
0.1 199.93 201.24 —1;67 797.48 802.98 —1.16 
0.2 305.87 307.84 — 2.40 1,215.70 1,233.68 — 4.467 
0.3 328.44 328.45 — 1,294.34 1,297.93 0.98 
0.4 278.42 277.47 0.87 1,090.06 1,082.91 1.64 
0.5 177.40 175.06 1.93 681.74 662.56 3.937 
0.6 11.03 47.17 —5.177 122. 82 142.21 — 4.057 
0.7 — 77.50 = 14.52 —3.00T — 352.26 — 348.78 0.87 
0.8 —161.82 —152.55 1.03 — 654.86 — 657.71 1.01 
0.9 —143.17 —143.70 0.92 605.84 —607.50 0.71 


* Significant at 5 per cent level. 


T Significant at 1 per cent level. 


A similar comparison of observed and expected values of the standard deviation 
is shown in Table 36. Using large sample theory, the differences between observed and 
expected values are found to be significant in three out of. thirty-six cases at the 5 per cent, 


and three out of thirty-six cases at the 1 per cer 


16 level of significance. 


TABLE 36. COMPARISON OF OBSERVED AND EXPECTED VALUES OF STANDARD 
DEVIATIONS OF THE NUMBER OF (BLACK MINUS EMBEDDED WHITE) 


е, PATCHES IN А BINO: 


MIAL FIELD 


——— —ẽ — —e— 


10 cells x 10 cells 20 cells x 230 cells 


50 cells x 50 cells 100 cells x 100 cells 


(n = 1,000) (n = 250) (n = 200) (n = 50) 
p s.d. s.d. s.d. s.d. 
normal normal normal normal 
ob- ex- deviate ob- ex- deviate ob- ex- deviate ob- ex- deviate 
served pected served pected served pected served pected 


(8) 9 00 (1) Qs (13) 


(1) (2) (3) (4) (5) (6) (7) 
0.1 2.24 2.97 -0.60 4.31 4.47 -0.80 
0.2 2.42 2.40 0.40 5.20 4.70 2.38* 
0.3 2.62 2.55 1.17 5.75 6.13 2.70 
0.4 2.99 9.91 1.14 6.05 6.01 0.15 
0.5 3.16 3.20 -0.57 6.35 6.68 -1.10 
0.6 3.19 3.17 0.29 6.38 6.58 -0.69 
0.7 2.66 2.72 -1.00 5.55 5.55 0.00 
0.8 1.82 1.99 4.25 3.92 4.01 -0.50 
0.9 1.70 1.50 6.67} 3.36 3.19 1.21 
سس‎ HÀ 
* Significant at 5 per cent level, t Si 
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11.17 11.08 0.16 21.85 32.99 — 

12.00 11.02 3.19* 95:7] 23.18 y 
15:30 12.89 61 30.26 25.84 1.71 
i 5. 43 32. à 
18-07 15.34 32.16 30.89 041 


38 41.72 34.52 2.09 
T6 06 29.71 33.85 1.29 
18.57 14.03 0 25.16 38.16 1.06 
К : 10 17.85 19.98 L 
8.49 8.95 0.63 17.01 16.64 ne 
— 33 ; 


gnifieant at 1 per cent level, 
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It is clear that expected values of the Patch number or of the variance are not con- 
firmed in a rigorous manner. The general agreement between observed and expected 
values indicates, however, that the theoretical results are Probably not wrong. The failure 
is, therefore, most probably due to some or all the fields used for experimental sampling 
not being of a sufficiently random character. This often happens in practice. In fact, as 
pointed out in the paper on large-scale sample surveys (in the Phil. Trans.), the concept of 
degrees of randomness is particularly useful in situations similar to the present one. I may 
conclude this section by stating that we have a big programme of work for model sampling 
experiments, but progress is slow for lack of resources, 


SAMPLE SURVEY OF THE ECONOMIC BACKGROUND OF THE BENGAL FAMINE 


A sample survey was undertaken in 1944-45 to collect information relating to the 
after-effects and the economic background of the Bengal famine of 1943. А first report by 
Ramkrishna Mukherjee, Ambika Ghosh and myself has been published in Sankhya (the 
Indian Journal of Statistics), Vol. 7, Part 4, and it is not necessary to enter into details, 
but a few typical results may be of interest in the present connection. The enquiry cover- 
ed 15,769 families selected at random from 386 villages, which themselves were selected at 
random from 41 (out of 86 rural) sub-divisions (administrative units) covering about 60,000 
sq. miles in Bengal. The design was zonal, with stratification of sub-divisions by intensity 
of incidence of famine conditions; and randomization of vill 


ages was completed separately 
within each sub-division, 


From the sample survey it appeared that the land position was precarious even 
before the famine, with one-third of all rural families having no paddy land, while two-fifths 
had less than 2 acres, so that about three-fourths of all rural families had either no paddy 
land or owned less than 2 acres. With an average production of 820 Ibs. of rice per acre, 
an average consumption of about 320 Ibs. per head per year and an aver 
5.4 persons, the subsistence level would be about 2 acres of paddy land per family on an 
average. The actual over-all average for the province was, however, found by the sample 
Survey to be about 1.8 acres of paddy land per rural family, which w 
level. Tt is not surprising therefore that. averaged over 
there was a small but net import of a little over ! pere 
other cereals into the province. 


age family size of 


as below the subsistence 
a number of years before the war, 
ent of total production of rice and 

The sample Survey showed that the classification of sub-divisions by amount of 
paddy land owned per family before the famine was roughly parallel to the degree of incidence 


of famine conditions, indicating that sub-divisions in which there were more families with 
paddy land below subsistence level were more vulnerable to the famine. 


Tt was found that about 1.6 millions of families (about one-fourth of the number 
who had owned paddy land before the famine) had either sold in full or in part, or had 
mortgaged their paddy land during the famine period. About a quarter of a million of 
families were obliged to sell all their paddy land, and Were thus reduced to the rank of land- 
less labour. 

The net loss of plough-cattle was about a million, or 1 
period. Sales of cattle largely exceeded purchases, showing that transfers had taken place 
not merely from one rural family to another, but that large purchases to the extent of about 
600,000 head of cattle had been made by outsiders (possibly by contractors for the supply 


3 per cent, during the famine 


of meat for army consumption), 
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The economie deterioration was measured by the number of families transferred 
from occupations at a higher economic level to occupations at a lower level. Assessed by 
such methods, it was found that about 700,000 of rural families had suffered a lowering of 
economie status during the famine. It was also found that even at the beginning of 1943 
(before the advent of famine conditions) there had been already an inerease of 150,000 of 
destitute persons. "There was a further increase of about 330,000 destitutes during the 
famine itself, so that nearly half a million persons were rendered destitute under war and 
famine conditions in Bengal. 

Even in the pre-famine period (January 1939 to January 1943) about 6.84 per cent 
of rural families had suffered economic deterioration against 3.32 per cent who had improved 
their economie level, while the position of 1.07 per cent was not clear. Economie deterio- 
ration had thus set in definitely in the pre-famine period. Rates of change became more 
rapid during the famine period. Improvement in economic status during the famine period 
was relatively twice as great as that in the pre-famine period; but this was offset by a three 
times greater rate of economic deterioration and twelve times greater of destitution. The 
famine period was thus one of greatly accelerated economic changes. Improvement of 
economie conditions was quicker, but was restricted to a comparatively small number of 
families. Deterioration and destitution were even more accelerated, and were shared by 
a large number of families. The poorer sections of the community. especially landless labour, 
fishermen, and village craftsmen, were most seriously affected, and many were rendered 
destitute: the middle group, who had land of their own and other assets, were naturally 
less vulnerable; and a comparatively small number of families in the upper stratum had 
remained immune, and sometimes even became prosperous. 

The above summary gives an idea of the kind of information which it w: 
to secure by the sample survey. The margin of error of the sample estimates in the cases 
investigated varied roughly between 3 and 5 per cent. Comparison with other available 
statistics also showed differences of the same order. For example, extrapolating from the 
cattle census figures of 1930 and 1940, the calculated number of plough-cattle in rural Bengal 
in the beginning of 1943 was about 8.3 millions. The sample estimate was about 7.9 millions, 
giving a difference of about 5 percent. The sample estimate of 18.6 millions of acres of 
paddy land was also not inconsistent with other available estimates, On the whole, the 
above enquiry showed the possibility of using the sample survey in a quick and efficient 
manner to obtain information about economic conditions in rural areas with a margin of 
error sufficient for many practical purposes. 


з possible 


A MULTI-PURPOSE SURVEY IN BENGAL, 1946-47 


I may briefly refer to an extensive survey (which is actually in progress in Bengal 
at the present time, in 1946-47) as an example of a multiple survey. The size of the asd 
(sample unit) in this case is just 1 sq. mile, and the information is being collected lit не 
form of two independent but interpenetrating networks of sample units, In the Fh 
of the survey all households falling within each grid were surveyed with a rather È 
covering a number of basic items, such as sex and age composition of the fuiiiv css 
community, oceupation, agricultural land, number of cattle, total ep Д MS and 
Information has been already collected for 84,370 families на 475 orid btedness, etc. 
about 60,000 sq. miles of rural Bengal. The inform Э grids scattered over 


ation is being tabul 
4 ч M а abulatec ri 
machines, and certain preliminary estimates have been made on the pee ы ا‎ 
number of families surveyed. “SIS 01 about half the 


stage 
short schedule 
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The total rural population based on this portion of the material is found to be 50.16 
millions, roughly as in March or April 1946, with a calculated stand ilti 
The corresponding census population in rural Bengal in March 1941 was 47.185 millions. 
Owing to uncertainties in census counts it is difficult to calculate reliable rates of growth of 
population, especially in Bengal. It is also difficult to assess the exact effects of the Be 
famine of 1943 on the growth of population. We may, however, make some rough calcula- 
tions. The total population (including rural and urban areas) of Bengal was about 46.7 
millions in 1921, 50.1 millions in 1931, and 60.3 millions in 1941. 
linear extrapolation can be made on the above basis. 
1931-41, the extrapolated rural population as in March 1916 would*be about 51.9 millions. 
There are, however, reasons to believe that the census count in 1931 was abnormally low 
on account of the non-co-operation movement. Adopting the average rate of growth during 


the twenty-year period 1921-41, the extrapolated figure for the rur 
of 1944 would be about 50.4 millions. 


of the right dimensional order; and is 
1 : 250. 


ard error of 5.26 millions. 
ngal 


Very rough estimates by 
Adopting the rate of growth during 


al population at the end 
The observed sample estimate of 50.1 millions is thus 


fairly satisfactory with a sampling fraction of about 


The enquiry just completed is, however, only the first fold or layer of the survey. 
Arrangements are now being made to select about 20 per cent of the families included in 
the first survey for a more detailed study of rural indebtedness 
If everything proceeds smoothly it should be possible to 
survey.for making estimates for the sample covered in t 
rural population of Bengal as a whole. Afte 


and agricultural labour. 
amplify the results for the second 
he first Survey, and hence for the 
r the second Survey is over, if funds permit, it 
much further and carry out a detailed enquiry 
At each Successive survey the 
but with appropriate zoning and/or stratification, | 
amplify the results of one survey to obtain estimates for the 
Ivey, and hence, finally, for all rural families in the province. 


into family budget and other socio. 
families would be selected at random, 
80 that it should be possible to 
families covered in an earlier su 


OTHER WORK IN STATISTICAL SAMPLING 


atistical sampling has been and is being done in the 


finite practical ends in view, The ° 
asize is that such practical studies 
ndamental interest. The subject of 


al interest, to some of which I have 
already referred, I have also mentioned that probability problems relating to space 
distributions are being tackled on fruitful lines with th 


e help of topological and combinatorial 
ation of applied wo 
re of the work of the Instity 


concepts by Raj Chandra Bose. The close integr 
a valuable featu 
a few more examples, 

Analysis of anthropometric measurements. 
metric measurements—work wi 
nature—had led, about 20 ye 
tion of the generalized dist; 


mathematical research in t 


rk and theoretical 
ite that it seems 

worth while giving 

Тһе Statistical 

hich may be properly Considered to] 

ars ago, to interesting theoretica] 

ance (D?-statistic), Tt was the sta; 


he theory of sampling 
by Raj Chandra Bose and Samarendra 


well known. 


analysis of anthropo- 
pe purely of an applied 
developments in the formula- 


rting point of a good deal of 
from multivariate corre] 


ated population 
Nath Roy, Whose work in this su 


bject is already 
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We had occasion recently to take up an anthropometrie study of an extensive series of 
physical measurements covering 3,000 individuals belonging to twenty-two different castes 
and tribes in the United Provinces of India. All the measurements were taken by one 
individual observer, Dr. D. N. Majumdar of the Lucknow University, and were therefore 
free from differences of personal equation. This made the material particularly suitable 
for comparative purposes. The use of the D?-statistic has, I believe, yielded information of 
great interest and significance. As the paper is in the press, and will be shortly available, 
T need not enter into details. 


Т may mention one result which is of some methodological interest. From general 
considerations T reached the conclusion that, when correlations between variates are taken 
properly into consideration (as in the D?-statistie), the use of indices (such as the cephalie 
or the nasal index) do not supply any additional information. This has been fully confirmed 
by C. R. Rao by actual numerical calculations. In fact, the present study has given rise 
to a number of interesting theoretical developments on which Rao has done some very 
useful work. 


More recently, in 1945-46, Dr. D. N. Majumdar, working under the auspices of the 
Institute, has collected a large volume of material relating to physical measurements and 
blood-group tests of about 4,000 individuals belonging to various communities, castes, and 
tribes of Bengal. 'The analysis of this material should yield valuable results. A survey of 


blood pressure which was concluded some time ago is perhaps worth mentioning in the 
present connection, | 


Design of experiments. At one time a great deal of work relating to the design of 
agricultural experiments has been done in the Institute. This had led to significant theoretical 
researches in which the concepts of the Galois field and finite geometry were used with great 
success by R. C. Bose and, under his leadership, by workers like K. Raghavan Nair, К. Kishen, 
C. R. Rao, Harikinkar Nandi and others. 


Circulation of rupees and rupee notes. At the request of the Reserve Bank of India. 
experimental surveys were made and methods were devised for estimating the circulation of 
silver rupees of various dates by sample counts at a number of receiving centres, like banks 
or railway stations. A method was also devised, based on sample counts of rupee notes 
received back in the Reserve Bank, to estimate the average life of such notes. It may be 
mentioned, incidentally, that this project gave rise to an interesting problem of measuring 
the magnitude of the difference between samples drawn from multinomial populations which 
was tackled on fundamental lines on the theoretical side by Anil Kumar Bh 
with promising results. A brief note was issued in the Report of the Res 
on Currency and Finance for the year 1940-41, pp. 49—54. 


attacharyya, 
erve Bank of India 


Sampling for yield of cinchona bark. I have already mentioned the project for 
estimating the yield of cinchona bark as an example of multiple Sampling. Tt is interestin 
to note that the final choice of physical measurements was made in this case from consider : 
tions of cost. Tt was found, for example, that although the measurements of the | faoc 
area of the standing plant gave the highest correlation with the yield of bark ( IM 
case against the next highest 0.690 for a different, character), the use of thre E 
measurements like the "standing vertical height of the plant, ES 
above ground level,” and the "number of stem. 
correlation of 0.848. Theoretically 


0.865 in one 


| m aple physical 
the “girth at height of 6 inches 
8 of the plant at ground level,” 


the use of surface area would be more eff 
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as observations on eighty-nine plants would give the same information as the measurement 
of the three other characters on 100 plants. The time and trouble to measure the surface 
area for eighty-nine plants would be, however, far greater than that for measuring the other 
three characters on 100 plants. This is a simple example of the use of cost considerations 
in settling the sampling programme. 


This particular project also has given rise to many interesting problems of the 
estimation of appropriate errors in the case of multiple sampling of various kinds. Mrs. 
Chameli Bose has obtained a number of useful results and is working on the subject. 


Population enquiries. After the Indian Census of 1941, the Government of India 
had decided, as a matter of economy, to cut down most of the standard tables; even age or 
occupational tables were not prepared. Fortunately, Mr. M. W. M. Yeatts, as Census 
Commissioner, had issued instructions for the preservation of a 2 per cent sample consisting of 
every fiftieth individual census Slip. In certain areas, mostly in Indian States, full tabula- 
tion had been carried out. A comparison of results based on the complete count and on 
the 2 per cent Y-sample in such areas showed that it should be possible to reconstruct most 
of the tables with sufficient accuracy for practical purposes. About 7 millions of the 
2 per cent slips have been brought over to the Statistical Laboratory in Caleutta from all 
over India, and the work of transferring the information to Hollerith cards ] 
Started. In only one province—namely, Bihar—the ori 
preserved; and ad hoc sampling studies on the b. 


ias already 
ginal census slips had also been 
asis of this material are also proceeding. 
The above projects were sanctioned on the recommend 
Data Committee which was appointed by the Government of Indi 
submitted its report in June 1945. A comprehensive programme relating to population 
census and demographic statistics generally was prepared by this Committee, and it was 


definitely recommended that a continuing sample census of the Tndian population should be 
carried out from year to year. 


ations of the Population 
à in May 1944, and which 


Statistics of road development. Mention may also be made of the use of sampling 
methods for traffic count on roads and connected socio-economic variates in the traffic 
catchment. The object in this project is to lay down a scientific founda 
programmes of road development. K. B. Madhava and Saty. 
actively engaged in this work. 


tion for preparing 
abrata Sen are at present 


Postal traffic and revenue. An enquiry is proceeding 
bilities of using the sampling method for estimating in adv 
revenue in different postal sectors. Exploratory Surveys un 
Sen have already yielded encouraging results, 


аф present to explore the possi- 
ance the volume of traffic and 
der the guidance of Satyabrata 


INTEGRATED PROGRAMME OF WORK 


The need of handling computational work on 
in teaching us the importance of efficient organizatio: 
Gupta and N. T. Mathew and others have done valuabl 
of this work, especially from the point of view of со 
considerable interest, Unfortunately, we h 
undertake this in а Systematie manner. 


а very large scale has been salutary 
n of the human agency. J. M. Sen 
€ work in this direction. An account 
st accounting, would, I think, be of 
ave not yet had sufficient time or money to 


Along with computational work may be mentioned the preparation of statistical 
tables of various kinds (which often require the calculation of numerical values of Bessel 
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and other mathematical functions), which has been proceeding for many years, and offers 
Scope for training in a very useful branch of statistical work. The names of J. M. Sen Gupta, 
Purnendu Kumar Bose, and Raja Rao may be mentioned. 

The contact between statisticians and field workers has also been fruitful in every 
Way. The credit for the successful organization of the field side is almost entirely due to 
the organizing leadership and the ability to appreciate statistical needs on the part of 
Nihar Chandra Chakravarti and workers in the Field Branch, like Dhirendra Mohan Ganguly, 
Pronay Kumar Chatterjee and others. Much valuable work on the field has also been done 
by statisticians like J. M. Sen Gupta, Birendranath Ghosh, N. T. Mathew, Purnendu Kumar 
Bose, Harikinkar Nandi, and others. I may perhaps also mention that during the last few 
years the usual practice was for all theoretical workers, including R. C. Bose and S. N. Roy, 
to live in camp on the field for а few weeks in connection with the crop-survey work. 


Training in statistics has also been an important part of Institute activities from the 
very beginning. One-year post-M.Se. courses, as also occasional special courses in particular 
subjects, are being arranged for a long time. The Institute workers have also been intimately 
associated with the two-year course leading to the MLA. or M.Sc. degree and the recently 
introduced two-year course leading to the Honours B.Sc. degree in Statistics in the Calcutta 
University. 


Tn the light of the experience gained during the last fifteen years I am convinced 
that the close integration of applied work, theoretical research, and training offers the 
soundest line of advance in statistical work, especially on the professional side. It offers 
scope for developing the spirit of team work among persons with widely varying interest 
which alone can make it possible to tackle many problems on a scale large enough to ensure 
success. I have been fortunate in having secured a large group of able and enthusiastic 
workers, each of whom in his own line has much greater knowledge and ability than myself. 
Whatever success the Indian Statistical Institute has achieved is in fact essentially due to 
the spirit of co-operative effort. 


REFERENCES 

BHATTACHARYYA, A. (1946) : On a measure of divergenee between two multinomial populations, 
Sankhya, 7, 401-6. 

Demine, W. E. (1944) : Errors in Surveys. American Sociological Review, 9, 359-69. 

Новваск, J. A. (1927) : Sampling for rico yield in Bihar and Orissa. Imperial Agricultural Research 
Institute, Pusa, Bulletin No. 166, and reprinted in Sankhya, 7, 281-94. 

Kine, А. J., AND JESSEN, F. R. (1945) : The master sample of agriculture. J, Amer. Stat. Ass., 40, 
No. 229, 38-56. 

MATATANOBIS, P. C. (1941): A statistical report on the rupee census. Published in the report on currency 
and finance, 1940-41, by Reserve Bank of India, 49—55. 

(1943) : Sample surveys. Presidential address, Section of Mathematies and Statistics, 

Procedings, Indian Science Congress. 

On large scale samplo Surveys. Phil. Trans., 981 (B), No. 584, 329-451. 

; MUKHERJEE, R. K., AND Guosn, A. (1946) : A sample Survey of after-effects of Bengal 
famine of 1943. Sankhya, 7, 331—400. 

SuxmaTME, P. V.: Bias in tho use of small size plots in 
No. 3993, 630. 

Warp, A. (1945) : Sequential tests of statistical hypotheses, Ann. Math. Stat., 16, 117-86. 

Yarns, F. (1934): Some examples of biassed Sampling. Ann, Eugen., 6, 202-13, 


(1945): A review of recent Statistical developments in sampli " 
ree . 0 npling and sampling surve 
(Read before the Royal Statistical Socioty, January 23rd, 19 45.) g ping surveys. 


sample surveys for yield. Nature, 157, 


983 


Vor. 20] SANKHYA: THE INDIAN JOURNAL OF STATISTICS [ Parts 3 & 4 
DISCUSSION ow PROFESSOR MAHALANOBIS’S PAPER 


Dn. F. YarES: I haye much pleasure in proposing the vote of thanks. 
Mahalanobis has given us a most interesting description of the work 
responsible in India. His address h 


Professor 
for which he has been 


as provided a vivid picture of the Institute which he 
directs, and at the same time has shown what enormous strides h. 


ave been made there, and 
how extremely able his direction has been. 


There is not time to discuss all the many interesting points th 
has raised, but I should first like to take the opportunity of expressing my admiration for 
the way in which he has handled the analysis of the social survey and broadcast survey data, 
the discussion of which formed the last part of his address. Those who have had experience 
of the analysis of data of this type will know that while it is comparatively easy to present 
tables giving over-all percentages, etc., the critical analysis of such material does present 
very great difficulties. Professor Mahalanobis is certainly to be congratulated on the 
penetrating methods of analysis he has developed in connection with these surveys. There 
is no doubt that the statistical analysis is the most difficult part of social survey work of 


this kind, and it is much to be hoped that further efforts will be made to develop the 
methodology. 


at Professor Mahalanobis 


Professor Mahalanobis did not s 
There are several points of mutual inte 


discussing with him personally, but w 
with Professor Mah 


pend much time discussing his sampling methods. 


rest that I should like to have the opportunity of 
hich I will not trouble to bring up now. 
alanobis that the determination of the s 
easiest part of a survey, but I would stress that this ease is in 
has to be acquired by a thorough study of the vari 


I fully agree 
ampling procedure is often the 
fact based on experience, which 
ability of the material that is being sampled. 
Professor Mahalanobis finds the sampling problems easy because his Insti 
built up a body of experience in sampling of the particul 
it is concerned. This contains a moral for us all. 
merely by sitting in our studies and theorizing. 

result from contact between the mathematical st 
sible for collecting the data, and who are interested not in the statistic: 
but in the conclusions that emerge from their work, 


in intimate contact with the actual numerical material. He must not think solely in terms 
of algebraic symbols. Professor Fisher once made w 


“Most of the statistics which Т hav 


tute has 
ar types of material with which 


We cannot devise good statistical methods 


Good statistical methods almost invariably 
atistician and the workers who are respon- 


al methods themselves, 
Consequently, the statistician must be 


hat T consider a most revealing remark : 
e learnt, I have learnt on the computing 
Professor Mahalanobis has been concerned with 
accuracy in the computations. In this connecti 
in the geodetic survey of West Africa. In that part of the world it wi 
out much of the main framework of the survey by means of tray 
The difficulty with traverses is that they involve 
not self-checking. In triangulation, once the b 
the computations are self-checking— 
in a computation which will not reve 


machine." 


the problem of securing numerical 
on I might mention the experience T had 


аз necessary to carry 
erses instead of triangulation. 
а vast amount of computation which 18 
ase line is determined, the remainder of 
it is impossible to make an error of any magnitude 
al itself later in glaring discrepancies. 

ggle to get the numerical work of our tr 
igorous system of computation, 

duplicates being compared only at 
at headquarters using the 


We had a very great stru 
We eventually evolved a most r 
done in the field in duplicate, the 
computation was then done 


averses correct. 
All computations were 
certain points. A third 
“setting-out” taping, which was 
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carried out in metres instead of feet, and bearings 45° different from the true bearings, so 
as to give different sines and cosines. This last computation was carried out so as to eliminate 
errors of the type that are likely to be made independently by different computers—e.g., 
writing an odd taping length of 449.321 ft. as 499.321 ft., when practically all the taping 
lengths are just under 500 ft. 


I was interested, after this system had been evolved, in finding that the U.S. Coast 
and Geodetic Survey laid it down in their standard instructions that triangulation was 
to be used in preference to traverses, if the cost was not more than 100 per cent greater, 
simply because of the danger of computing errors. (It is now recognized that with modern 
invar tapes traverses are quite as accurate, possbily more accurate, than triangulation.) 


Professor Mahalanobis stressed the importance of providing the results of sampling 
surveys on the required dates. We had an interesting example of this—which illustrates 
the flexibility of sampling methods—during the war, when we were making an estimate of 
the amount of standing timber in the country. The first estimates were required within 
about five months of the decision to undertake the survey. Initially the survey had been 
planned to be undertaken in two 5 per cent samples, the sampling units being 6-inch 
Ordnance Survey Quarter Sheets (3 miles x 2 miles). Owing to the almost inevitable 
delays in organization, collection of staff, ete., it was clear by the time we were ready to 
start work, that the first 5 per cent sample would not be completed and analysed by the 
given date. I therefore insisted that the first 5 per cent sample should be divided into 
two parts. This was done by the simple process of drawing a diagonal line across each 
sampled 6-inch Ordnance Survey Quarter Sheet. There was, in fact, considerable opposition 
to this, as it was thought that the results of a 23 per cent sample would not be sufficiently 
accurate for the required purpose. Fortunately I knew, from previous experience, the 
variability of the material, and was able to promise that the results would be of the required 
accuracy, and that moreover when they were obtained, estimates of the actual standard 
errors could be furnished so as to provide concrete evidence of this accuracy. I am not 
sure whether these standard errors really carried conviction, but what certainly did con- 
vince those who were initially in doubt was the close agreement between the first 23 per 
cent sample and the second 23 per cent sample, and between these and the second 5 per 


cent sample. 


This illustrates an important point in survey work. In general, over-all estimates 
for the whole area are first required. It is on these estimates that the broad administrative 
decisions are based. Subsequently more detailed estimates for different parts of the ürea 
may well be required, in order to implement the administrative decisions, By carrying 
out a sampling survey in stages, as was adopted in the Forestry Survey, and as is also, 
I think, Professor Mahalanobis's practice, the administrators сап be given the necessary 
information on which to base their decisions, while additional data for more detailed and 
accurate estimates are being collected. 


Professor Mahalanobis mentioned the large biases that he has encountered when 
taking small areas for estimating crop yields. To a certain extent, we have had the same 
trouble in this country, but only to a limited degree, T suspect that many of these troubles 
will gradually fade away, as a permanent organization of trained people is built up. In our 
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survey work in Africa, for example, much of the field work was "undertaken by native is 
veyors who were trained in a Survey School which had been specially set up for the LM oe 
We had very little trouble with these surveyors. е very rigorous methods of ta nd 
observations which are always followed in survey practice were a great help. All observ 
must be booked direct into properly printed field notebooks which have numbered ppr 
The surveyor is completely at liberty to reject any Sbr yation with which ho is 206 m а : 
but a permanent record of such observations is always available, so that it is poza ble to 
find out what the surveyor has really done. Sometimes they did very funny things. Gus 
surveyor—quite a conscientious man—had been taken to task because his Ваа work Waê 
not reaching the required standard of accuracy. Subsequent to this he turned in a series of 
traverses in which the closing errors in his bearings (on astronomical azimuths) were far 
smaller than they should have been. At first it was thought that the results had been 
deliberately faked. Subsequent cross-questioning revealed, however, that having made a 
preliminary computation of his closing error and finding it larger than he thought it should 
be, he had gone back the next day and re-observed some of the angles, rejecting the old OR 
the new observation of each angle according to which improved the closure. The methods of 
booking enabled him to prove that this was what had been done, 
to be set right without any re-observation, 


and also enabled the matter 


Dr. C. Oswarp GEORGE, in seconding the vote of thanks: 
enjoyed listening to an address of this char: 
but also because of the particularly charmin, 


Never have I so much 
acter, not only because of its intrinsic interest, 
g manner of its delivery. 


The first point which strikes one is perhaps the difference between conditions in 
India and in this country. On the other hand, there are important similarities, Of the 
various headings Professor Mahalanobis has written on the blackboard, we in this country 
also have to consider problems of time and sampling errors, and —for there is 
known as the Treasury—the cost of statistical enquiries. Cal 
are also not unknown here. Had I been speaking a fortnight 
confidently on the much higher standards of accu 
Mahalanobis may have seen the unfortun 
what we had previously regarded as an 
that point. 


a body here 
culating and recording errors 
ago, I might have spoken more 
racy in this country, but I fear Professor 
ate calculations of mean yields in 


a recent issue of 
almost infallible newspaper. 


So T will pass over 


What he calls errors from physical fluctuation, T 
where one reporter may find two acres under the crop, while another reporter, visiting the 
same farm a fortnight later, may find no jute acreage whatever, Under the existing system 
in this country, where returns relate to a Specified day, the same problem does not arise, 
but some of his sampling problems interest us. He tells of the various sampling methods 
he adopted, “unitary and zonal, configurational and unrestricted,” but unfortunately he 
has not given us sufficient detail to permit any useful comment on their theoretical or practical 
merits. He frequently mentioned large-scale sampling theory, but if greater use had been 


made of stratified sampling, small sample theory would possibly have come more into the 
picture, 


assume, arise with crops such as jute, 


I was particuarly interested by his detailed 


treatment of errors, for I think the 
question of errors (other than sampli 


ng errors). ds of more importance than is sometimes 
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believed. How many can lay their hands on their hearts and say that in their published 
work, errors—if not quite of the type most troublesome in India, nevertheless of serious 
import—have never reached the printers? But it is noteworthy that Professor Mahalanobis 
does not mention errors due to the machines: perhaps in the Indian climate machines are 
infallible! 


Another point that struck me was the speaker's attitude towards a system of 
complete enumeration and his declaration, when comparing it, detrimentally, with sample 
surveys, that complete enumeration is entirely lacking in any kind of control and preeludes 
any valid estimate of the margin of error of the final results. Without further explanation 
it is not easy to see why the underlying weaknesses are inherent in the one and entirely 
absent from the other, or why a system of duplicated surveys cannot be used in conjunction 
with complete enumeration. And whatever may be desirable in India, it is not likely that 
in this country complete enumeration will be entirely dispensed with, but rather that it 
Will be used as a basis upon which sampling surveys may be developed. 


Professor Mahalanobis has laid particular stress on the results of the Bihar survey 
shown in Table 1, and it is to this that I should like to confine my final remarks. He says 
that his system of sampling was very successful, in that in the case of rice and pulses a very 
small sample of about 0.025 per cent gave results within about 2 per cent of the final result 
obtained from the total sample. "We are not told what was the result of the small sample 
in the case of sugarcane. But what strikes one most about Table 1 is perhaps the variations 
between the various estimates, particularly that between estimates 8 and 9, which suggest 
something more than sampling errors. Estimate 9 for rice gave 13,650,000 acres, a fall 
of 355,000 acres compared with estimate 8. It is noticeable that this is a larger difference 
than that between estimate 1 (based on a sample of one in 4,175) and estimate 9, although 
it resulted from a large inerease in the sample (from 80.7 to 100.0 per cent, or 19.3 per cent 
of the whole sample). If my arithmetic is not wrong, it seems that the total acreage in or 
about January, if it had been estimated from this 19.3 per cent of the total sample, would 


be only about 12.2 million acres. 


What is the explanation of such large diserepancies? We have not been given suffi- 
cient detail to decide this point. An apparent explanation would be that there are what 
Professor Mahalanobis referred to as physical fluctuations, which would presumably mean 
that the acreage under rice changes substantially from month to month, or even from day 
to day. But this can hardly be the explanation, for if it were, any similarity between the 
first estimate in October and the last in January could hardly be attributed to the merits 
of the sampling methods employed. The question would also arise of what was being 
estimated : was it the acreage under the crop in October, or in January, or the tota] anpi 
acreage for the season; and how are any of these to be estimated from a sample drawn over 
a lengthy period? As for the remaining crops, estimate 8 for pulses is 2,963,000 
as against 2,003,000 for estimate 9, and the sugarcane estimates show simil 


differences. 


acres, 
ar intriguing 


І have no doubt that there is some very simple explanation of all these div 
and that this would have been made quite clear if cireur 
Mahalanobis to submit his paper in the customary forr 
Fellows at this meeting. 


ergencies, 
mstances had permitted Professor 
n for printing and distribution to 
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Time will permit only one further very brief point. Professor Mahalanobis said 
that at the last stage, at the request of the Government, an estimate of 312,700 acres was 
also given for the area under potatoes, only about 0.26 per cent of the total geographical 
area covered by the sample survey, and he added that this supplies a good idea of the wide 
range of the survey. It would therefore be interesting to have details of this estimate and 
to know the sampling errors involved, how they were caleulated, and how they compare 
with those of the other estimates. 


Dr. George, concluded by expressing the deep pleasure it gave him to second the 
Vote of thanks for such a valuable paper from so distinguished a visitor. 


The vote of thanks was then put to the meeting, and carried unanimously. 


Dr. M. 8. BARTLETT, after adding his personal thanks and his welcome to Professor 
Mahalanobis, said that there was one incidental point raised by the last speaker, Dr. 
George, on which he also was not very clear, and that was the precise meaning of 
"physical fluctuations" as distinct from "sampling variations." 


When considering the paper generally, what he felt w 
velty of the methods used, but the value of the integration 
meet a variety of demand. It was rare to find one depart: 
for such varied activities as agricultural crops and the investigation of the cost of living and 
family budgets. Possibly in this country, especially on the social and economie sid 
concerned with similar investigations would be studying further tl 
Mahalanobis had described. In particular, there was а great deal to be said for this study 
of variability, a point which was well recognized in agricultural work, but which had been 
brought out that evening on the social and economie side. It not only enabled one to judge 


the accuracy of one’s averages at the end, but it gave invaluable information on the material 
itself, 


as perhaps not so much the no- 
or synthesis of methods used to 
nent which used these methods 


e, those 
ne methods which Professor 


To take an example. Supposing they made 
a particular food in connection with rationing. Such 
the broadly classified groups of consumers, but wit 
the accuracy of the mean level as shown by the 
between those classes. A knowledge of such vari 
the change in the mean level of consum 
individual hardship which would be en 
levels. 


an enquiry into the consumption of 
a study of variation, not only between 
hin those classes, would not only give 
sample, but it would give the variation 
ation was desirable in order to estimate 
ption resulting from rationing and the amount of 
tailed if the people were rationed at definite mean 


There was one further theoretical point he wanted to mention. Although it was 
not covered by the paper that evening, it was mentioned in the paper in the 1 phical 
Transactions which had been referred to. He thought it had some relation too dh the 
last Table which Professor Mahalanobis had produced, which he gathered had something 
to do with the question whether units were random and independent or not. In his aper 
їп the Philosophical Transactions Professor Mahalanobis referred to what Bis called Tout 
correlation functions; this was theoretieally an interesting concept related to the time 


These had been encountered before; 
aylor in the theory of turbulence. The 


correlation functions which occurred in time series. 
they had, for example, been used by Sir Geoffrey T 
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property of stationarity in time series was the property of homogeneity in Space correlation 
funetions, Further questions that arose were: Were these functions isotropic?—that is, 
independent of the direction in which one was measuring the correlation—the answer in 
agriculture was probably “по”; and Did these functions ever show periodicity? 

y 


The sort of question which one asked in agricultural design work was usually 
answered on the basis of a uniformity trial, from which was worked out semi-empirically 
what was the optimum design. The same answer (for constant variability) must follow 
from a knowledge of the correlation function. Such an alternative approach did not of course 
affect the final analysis of any data which was accumulated on a basis of the design finally 
decided; that followed the standard analysis of variance along the lines that had been 
described. 


The following contributions were received in writing after the meeting : 


Mason M. D. W. ELPHINSTONE : Professor Greenwood mentioned his own admira- 
tion for Professor Mahalanobis’s mathematical skill; T also worship from afar. But even 
more do І admire the courage which has enabled Professor Mahalanobis to build up his 
organization in the face of all the discouragements and difficulties which he has had to face. 


Ihave during the war been responsible for certain administrative statistics in G. H. Q., 
Tndia, and T can imagine some of the difficulties overcome. 


In the first place, there is apathy—an apathy difficult to imagine even in our own 
constant struggle against wilful ignorance at home. Even those who care for good work 
are apt to be worn down by the continuous output of energy required to get any new 
idea accepted. The strain is greater in a hot climate, and appears to affect white and 
brown-skinned races alike. 


Then there is the temptation of intellectual dishonesty. Professor Mahalanobis 
gave examples throughout his paper: the temptation of the field worker to "fudge" his 
figures, the political pressure resulting in an inaccurate census, the hint of the virtual 
suppression of an unpalatable report. If Professor Mahalanobis is not absolutely honest 
in his own work, then he must have practised on us this evening one of the subtlest deceptions 
of his career. Heat engenders fixed opinions and unreasoned prejudices, and I know how 


easy it is to hunt for figures to prove a theory rather than to hunt in the figures for the truth. 


Then there is the administrative skill and thoroughness with w 
are planned. His account of the size of his organization must hay 
but he is right to emphasize the factors of time and cost even in his 
carts are a slow way of moving about; his field workers must 
travelling. Then he let fall a mention of work done near Kara 
away. Only by the most careful economy can so much work 
by so small a staff. 


hich his investigations 
e made some of us jealous, 
Bengal surveys. Bullock- 
spend much of their time 
chi—only some 1,500 miles 
be done in such conditions 


To give more point to my praise, I may perhaps add that having discarded one of 
my staff for “negative efficiency” T felt that my section was shaping well. We carried out 
a small survey on the output of work by coolies, a; 
sheets and rules for checking. When the figures 
one's successor (specially picked as likely to d 
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simal points were in the right place, being of the opinions that (1) I should not 
des 2: 5 hat even if I did it would not matter, as the mistakes would average out. 
nie dap n d ср о in any part of the world, but it is clear that Professor Mahalanobis 
жы d oc to have had to devise techniques for protecting himself against them, 
OK Sii va wand by-products of these techniques to yield useful statistieal information. 
and, m д 


Anywhere in the world his achievements would be noteworthy, but as Professor 
Greenwood admires his work in Combinatory Analysis, so I, who have had some very small 
E ience of the difficulties he has had to face, admire the Skill with which administrative 
experti З 
теи unconceived in this country have been overcome. 


Mr. D. M. Sex: The speaker has emphasized, and Dr. Yates has reiterated, im 
difficulties of dealing with recording mistakes in sample surveys in different countries. 
Dr. Yates has introduced into the discussion the much-abused concept of the “intellectual 
competence” of the field investigators. I have been associated, for some time now, with 
large-scale sample surveys in Great Britain. Recording mistakes are not a regional pheno- 
menon, not even in their scale. They are common wherever large-scale нера Me 
undertaken. It would be totally wrong to try to correlate recording: mistakes with “the 
state of intellectual competence," even if “i 


intellectual competence" 
and calibrated, or averaged and graded, for countries as a whole, 


could be measured 


To counter recording mist 
allowed to give some instances from my own firm, which is thought to be on 
sample survey organizations in the world. Out of the ten dep. 
them, the whole work of these sample 
to their presentation to clients, two of th. 
of "checking field data? and "insepeting processed data.“ 
moreover, applies several checks on its own work ( 


ment’s work, which has Supposedly already checked the data recorded by field investigators. 


I remember a somewhat irritated fieldman asking the question, “who checks Checking 
Department’s work?” As a matter of fact, 


akes, various checks are necessary, I may perhaps be 


e of the largest 
artments which share, between 
Surveys, beginning from the collection of the data 
e largest departments are charged with the functions 


i ; but there are other departments 
too, which are doing exactly the same thing at v 
Tabulating Department, for instance, uses the “ 


that purchases plus previous stocks equal sales plu 
may have been checked rightly from the origin: 
by Checking Department previously; 
Similarly for “unit costing.” "The fiel 


Ivey. This cost per unit is used by 
its are multiplied by the “unit cost" to 
for different shops are added up on the 
rand from the Hollerith serves as a check 
epartment has got on their comptometers 


arrive at the total purchase price. These totals 
Hollerith, and their grand total for each item or b 
against the sterling total, which the Checking D 
for the purchases of the same item or brand. 
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It is therefore clear that within departments themselves there are various checks. 
There are also many checks between departments. Data are also checked against previous 
averages, which serves as а rough check, if not a precise one. 


In the field itself, besides fieldmen, there are field supervisors, who in their turn 
are controlled by the field manager. The field supervisors’ work consists of no actual work 
except constant supervision over the fieldmen's thoroughness of collecting data. 


Over and above these checks in the field, and during the time when the data are 
passed through the Tabulator and processed for presentation in the form in which they are 
wanted by our clients, there is another department — Inspection Department“ hose 
job it is to check the purchase, sales, stocks, price and other tables for internal correspondence 
and plausibility, having regard to known data about market conditions, ete. We often 
discover at the very last stages mistakes which should have been picked up weeks before. 
That reflects neither on the field investigators’ "intellectual competence” nor on the 
“intellectual competence” of the checking and supervisory staff within the office itself, 
These mistakes, we find, are inevitable, and hence they are allowed for. Extra staff are 
employed to see that they do not go through. There are, of course, cases when deliberate 
dishonesty is noticeable. I recall an instance where the field investigator, who was supposed 
to have gone to certain shops and recorded their stocks of certain branded goods, never 
in fact went there. He filled in the field information sheets at his seaside hotel. In certain 
cases, where the fieldman detects inaccuracy in purchase data or his stock count, he is 
supposed to inform the office about it. We in the office know that a percentage of shop 
data will, over a period, be marked as inaccurate by the fieldmen, and if any one fieldman’s 
audits are extraordinarily accurate, from that very fact alone, we sometimes suspect that 
the audits are not being conducted as thoroughly as they might have been. This partieular 
fieldman went so far as to advise us from time to time that such and such shops should be 
thrown out of the sample for that period owing to inaccurate records, ete., and thus our 
confidence in his work was kept up. He was at last found out by certain discrepancies in 
his stock position which did not tally with our knowledge of the then existing zoning scheme 
for the distribution of certain products. There are thus instances of deliberate dishonesty 
which one can quote. 


It is also very easy to question the “intellectual competence" of field investigators. 
In our work, for instance, present stocks are subtracted from past stocks by fieldmen 
themselves, so that if present stocks are higher than past stocks 
up as a negative quantity. Obviously, this increase in Stock, or this negative quantity, 
must be covered by an equivalent, or higher, purchase figure. It is physically impossible 
for stocks to increase without equivalent purchases, unless the previous stock-taking is 
erroneous. Now, one might say that all fieldmen should be intelligent enough to see that 
these minus quantities are covered by equivalent purchases. In fact, 
number of cases honest and very competent fieldmen fail from time to tir 
increase in stocks. Perhaps they would be called “physical fluctuations,” 
sical fluctuations are very difficult to explain in this context. 


‚ the difference is shown 


ina very large 
me to account for 
but anyhow phy- 


One word about the size of samples. Thes 
samples with a sampling fraction of ]: 4,175, 
order of 1: 168, The samples with which we а 


peaker has indicated that he often takes 
and his largest samples have been of the 
eal in our particular field of Food and Drug 
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trades, and which we know, from experience over a period of time, yield satisfactory results, 
are нете as large as 1 : 50 and even 1 : 25, but sometimes as small as 1:250. Ishould 
have thought the size of samples would be related to the variability of the data, among 
other factors, and consequently the sampling fraction is perhaps not in itself аз significant 
as might be thought. 


PROFESSOR MaHarANOBIS made a brief reply at the Meeting, and amplified it later, 
as follows :— 


I am extremely gratified by the kind way in which my talk was received. Unfortu- 
nately. the paper could not be circulated nor presented before the meeting 
This naturally left many gaps, to which references were made in the course 
Relevant material was in certain cases actually w 
at the meeting. 


in a written form. 
of the discussion. 
ith me, but T had no time to discuss it 


I greatly appreciate Dr. Yate's emphasis on the importance 


of close contact between 
mathematical statisticians and field workers and the n 


eed for intimate contact with numerical 
material. This is a point which I have always striven to emphasize in our Institute. - My 
own view has always been that no one should be considered to have qualified as a statistician 
without having gone through an apprenticeship as a, computer. 


I am particularly interested in Dr. Yates’s remarks about bias in estimating crop 


yields. I entirely agree with him in thinking that such troubles can probably be eliminated 
if a permanent organization of trained workers can be | 


to find out what сап be done until Such trained workers become available, T may also 
mention in passing that the size of the cut has been the subject of sharp controversy between 
the Indian Statistical Institute and the Imperial Council of Agricultural Research of the 
Government of India. I have been pressin, for a scheme to study and 
the joint supervision of the I. S. I. and I. C. A. R., 

ed. The proposal for joint 
investigations was strongly supported by Professor R. A. Fisher 


! sher in his memorandum 
submitted to the I. C. A. R. in March 1945. Unfortunately, we have not yet sueceeded in 


persuading the T.C.A.R. to agree to this proposal. І Spoke to а number of statisticians in 
the United States a few weeks ago and I hope to take the matter up there again shortly. 


"ult up. Our problem has been 


Dr. Oswald George as well as Dr. Bartlett have asked what 
fluctuations. I have already referred to this point in the text, 
variations may be considered to have arisen from the fact that on 
fraction (and not the whole) of the universe is being 
from the unconscious bias, or s 
of the human agency. Even 
remains a certain margin of fluctuations 


not serve any useful purpose to try to determi iving human being correct 
to, say, a milligram. When the admini 


which he calls “the acreage under rice i 
consumption of cereals, ete.,” there j 
the dual sense of being something ind 
and also of being of no importance for the practical purpose. 
different types of error are mixed up in practice; but it is poss 
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them by appropriate analysis. T may add that what I have in mind is something like the 
permissible margin of fluctuations in the quality control sense, where production may be 
considered to be under control even when the measurements do not strictly conform to 
statistical randomness. Determination of the limits of physical fluctuations (in relation, 
of course, to the purpose in view) is difficult and requires a purely experimental approach. 
We realize its importance, but cannot claim to have made much progress in the actual 
determination. 


Dr. George referred to my use of the phrase “unitary and zonal, configurational,” 
ete. I had given a preliminary account in the paper “Оп large-scale sample surveys" in 
Ph ilosophical Transactions, and T had included a more up-to-date description of the termino- 
logy and notation of sample surveys in my original draft, which I had with me at the meeting, 
but to which T could not refer for lack of time. 


This has been included in the present paper. 

Dr. George has pointed out the need for small sample theory. Т agree, of course, 
that it might sometimes become necessary to use it. We found, however, that too fine а 
stratification was often uneconomical in the sense that the additional cost was not commen- 
surate with the gain in precision. In fact, in large-scale surveys, we usually found large 
sample theory to be adequate for practical purposes. But I agree with Dr. George that 
in appropriate cases small sample theory would no doubt prove to be of great value. Inciden- 
tally. T may mention that one of the important lines of work in our Institute has been the 
development of the exact or small sample theory of distribution for multiva 
by my colleagues В. C. Bose and S. N. Roy. 


iate analysis 


I am glad to have Dr. George's support about the importance of errors other than 
sampling error. T also agree, that errors arising through faulty working of machines cannot 
be neglected. I did not refer to this, simply because there was nothing peculiar in the Indian 
experience to make it worth mentioning. 


Dr. George has referred to my remarks on the defects of complete enumeration. 
Certain observations which I had no time to make at the meeting will be found in the text 
of the paper. I may add one or two more remarks. Complete statisties are often obtained 
almost as a by-product of routine administration—for example, the number of criminal 
cases sent up for trial. Apart from mistakes in compilation or similar clerical errors T have 
no doubt that such statistics would be substantially accurate. Consider another example, 
which is nearer to the subject of the present paper. In temporarily settled provinces of 
India, crop records are compiled by a permanent, and often hereditary, staff of village 
recorders (called patwaries) primarily for revenue purposes, as the assessment is fixed on 
the basis of erop production. In such provinces, crop-acreage figures are claimed to be 
sufficiently accurate for all practical pruposes. T have no personal experience of the 
of the work done by patwaries, but it may very well be true that ero 
them are substantially accurate. This is quite different from wh 
settled province such as Bengal or Bihar. I had in mind the 
made by an ad hoc staff whose number is large ( 


quality 
p records prepared by 
at happens in a permanently 
so-called complete enumeration 


of the order of fifteen or twenty thousand) 
and who are scattered widely over a province like Bengal. All ay 


to the fact that work done under such conditions is unreliable, 
emphasize was that the fact that complete paper re 
guarantee that such records would be reliable, 


ailable evidence points 
What I had wanted to 
cords had been made ready was no 
I may perhaps quote one conerete example. 
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In 1939 the Government of Bengal decided to prepare a complete record, plot by plot, of 
the land sown with jute. After these records were prepared the Government arranged to 
have certain portions checked by permanent Government officers. The primary records, 
when checked, were found so unreliable that the Bengal Government ordered 
to be destroyed. 


all the records 


I agree with Dr. George who thinks that suitable systems of sample 
controls can be used with complete enumeration with great advantage. 
described in this paper may be quite suitably taken over, 


checks and 
Some of the checks 


Dr. George has referred to the results of the Bihar crop e 
right in pointing out that the arca under any given crop is not determinate unless the date 
is specified. I have discussed this point elsewhere Ina province like Bengal no machinery 
exists for obtaining the crop acreage on a specified date. The estimate obtained by a sample 
survey spread over a lengthy period must necessarily be somewhat indeterminate. In Bengal, 
by the alternative method of obtaining a Me result 
would be equally indeterminate, for the simple reason that the complete enumeration would 
have to be made by an ad hoc staff whose Ele eid 
period as that of a sample survey. 


stimates. He is quite 


A little consideration would, however, show that althou 
the crop acreage determinate it renders the estimate of total prody 
vague. Whatever may he the crop acreage on a specified date it is likely that the harvested 
area would be somewhat different. As already mentioned, such differences are likely to 
be quite appreciable in India, especially in the case of rain-feq crops. In this situation 
we thought it advisable to develop a method for ascertaining the total production by a 
direct estimation of production per grid. This Seems to be as far ag one can go in existing 
conditions in Bengal. 


gh a specified date makes 
ction necessarily somewhat 


I may mention here one particular procedure with whic 
for some time. At the time of harvesting, the Yield per acre is determi 
experiments in a number of grids. The total 


Thi 
direct estimate to be made of the total " isi » ar E. f 
у P ; Strict, or in the 
province as а whole. АП lands which EO out of cultivation would not in this thod 
contribute anything to the estimate, ue 


In showing the progressive estimates for the а 
show the kind of data supplied to administrators. 
individually or independently representative of tho whole 
and time. Suitable modifications in the theory of estimation to Cover such cases h ot 
been worked out. Different progres arily referred to differe Bm 
of the province at different times, and were not Strictly comparable Differences . гич 
to sampling variations and partly to actual physica] differences in du а 68 abus 
the different geographical coverages at different periods of the pini M : uo s 
that, in spite of such intrinsic differences, the figures Supplied to а, рд ia pom bs 
quite useful for administrative purposes, | 8 were probably 


P Survey my object was to 
pling at each Stage was not 
universe" ag Spread over space 


1 Presidential Address to the Section of Mathematics a, T E TEE Am 
nd Statistics, Digs, ; 
Baroda 1942, р. 25. » Indian Science Congress; 
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Dr. George has enquired about the proportional sampling errors. "These, naturally, 
were large when the total acreage or the proportion of land under a particular crop was 
small. I have discussed this point in greater detail for the Bengal crop surveys, for which 
material was available for a number of years. The Bihar стор survey was, unfortunately, 
terminated after one year and sampling errors had not been fully investigated. I hope, 
however, to give an account of the effective margin of error in crop surveys in а subsequent 
paper. 


I am glad Dr. Bartlett has referred to what I called space correlation funetions, 
Which I mentioned in the paper in Phil. Trans., although I had no time to speak on this 
topic at the meeting. Since that paper was written certain other concepts have been 
developed; and, as already mentioned, some theoretical work has been done by R. C. Bose. 
The subject appears to be of considerable interest; but, unfortunately, owing to heavy 
pressure of other work, it has not yet been possible to tackle it on fundamental lines. 


It may be useful, however, if I add a few brief remarks, Consider a field of, вау, 
Square or rectangular shape consisting of a very large number of rows and columns of 
elementary cells or quads. Alongany single row (or column), the problem of space correlation 
would be one-dimensional, and identical with that of serial correlation in time series. The 
fact that space distributions are intrinsically two-dimensional, however, makes it necessary 


to have more generalized concepts. The approach at present adopted in the Statistical 
Laboratory is as follows. 


Consider a single row or a single column consisting of a very large number of cells, 
(The boundary difficulty can be avoided by making the row or column endless by joining 
the two terminal cells.) Imagine any particular row or column divided into a number of 
segments, each segment itself still consisting of à very large number of individual cells or 
quads. The correlogram or serial correlation for different gaps can be then determined for 
each segment. The form of the correlogram or serial correlation for different gaps can then 
be determined for each segment. The form of the correlogram or the serial correlation 
function may then differ from Segment to segment or may happen to be statistically 
the same for different segments. The serial correlation is usually called stationary if it 
happens to be statistically the same for different segments. in whatever way the segments 
are formed (subject, of course, to the provision that each segment continues to have a 
sufficiently large number of quads to enable the serial correlation to be determined with the 
required precision). 


Now consider the adjoining (or some other) row. The correlation function or seria] 
correlation in this row may again be stationary, but may differ from the stationary serial 
correlation in the preceding row. Thus, although the serial correlation in each row is stationary, 
they may be all different. Ina simplified case, the serial correlation along each row may be 
stationary and may be thesameforallrows, Sucha field may be called "uniform alongrows;" 


Now consider the columns, The serial correlation along each or some of the r 
differ from segment to segment. If they happen to be the same over all segments in 
particular column, then the serial correlation is Stationary over that edum 


ix 
any 
In the saine 
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It is possible, however, to consider the serial correlation not merely along rows or 
columns but in different directions, making different angles with the direction of, say, rows. 
If the field is divided up into two-dimensional segments (each segment still consisting of 
a sufficiently large number of elements or quads) it is possible to determine the serial correla- 
tion in different directions. In this way it is possible to construct what may be called the 
surface of the serial or space correlation in such a way that a section of the surface in any 
particular direction supplies the corresponding curve of the serial correlation. If such 
surfaces of the correlation function happen to be the same for all segments, then the field 
шау be called homogeneous. It might not, however, be isotropic. In fact, in each segment 
the field would be isotropic only if the correlation function is identical in all directions or. 
in other words, the surface of the correlation function is a surface of revolution. 


The interesting fact then emerges that the surface may be isotropic for each segment, 
but the actual surface may be different in different segments, in which case the field would 
not be homogeneous, but would be isotropic. It is obvious that the field may be homogeneous, 
but not isotropic. Finally, when the field is both homogene 


ous and isotropic it may be 
called uniform. 


Instead of working with the correlation function it is also possible to work with 
the variance function in the same way. As the two functions are mathematically connected 
the results based on them would be equivalent. For practical purposes the variance function 


would often be more convenient, as it usually enables the sampling errors to be calculated 
more directly. à 


I may add that the study of the surface of the correlation or variance function is 
of interest in connection with what I have called mapping problems, in which it is desired 
to ascertain the actual distribution of the variate under study over different elementa " 
regions of the field under survey. і 


In the paper in Phil. Trans. I explained that fields may be of non. 
periodic or periodie types. I also explained the use of the patch number 
the different types of fields. From the point of view of patch numbers, fields may be broadl 
considered as belonging to three types, namely, (а) fields 5a which "^ patch E я а А = 
small, corresponding to what I called “patterned” fields; (b) fields with villis : n T 
within an assigned range on either side of the model or expectation value n E je : 
fields of the random type, and finally; (c) fields in which the patch intihar M va з n 
the limit assigned for random fields, which I called the crystalline type an * ew a 
correspond to quasi-periodic and periodic types from the point of view d. 00 rel Ay на 

Tt is easy to see that previous knowledge о 1 " 
the efficiency of the sampling design, peil in he A Ps = = iy = ce 
if the field is of a random type then a purely random Bingling = iie s oru da tf 
the field is however of quasi-periodic, or periodic, or what I ы us E Fia А 
type, then cluster or configurational sampling must Prove quite ive | ed of the Scan 
if the field is known to be of the patterned type then it sh 11 55 ul. On the other hand, 
efficiency by suitable zoning and stratification. SM ае сд, 


-periodie, quasi- 
in characterizing 


T am particularly grateful to Major Elphinst 

A mue am one for his ki irel 
agree with him in thinking that the apathy of administrators ж к 1 
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in which statistical work has to be carried out in India has to be experienced in order to be 

properly appreciated. The average administrator in India expects the scientific or statistical 

technician to supply evidence or proof in favour of what the administrator thinks to be right, 

rather than to give independent advice on objective grounds. Intellectual dishonesty, 

to which Major Elphinstone has referred, would in such circumstances be an actual advantage 
in securing promotion in official posts. This is why I have never favoured the idea of the 
Statistical Institute being run as a Government department or under predominating Govern- 
ment control. I think it is of the utmost importance that scientific organizations like the 
Statistical Institute should maintain an independent position, so as to be able to offer impartial 
technical service and advice on an objective basis. Mr. D. M. Sen has referred to the size 
of samples. I am afraid I had not made the position quite clear in the. paper. It is not 
correct to say that we have used a sampling fraction of 1 : 4175. This was the fraction of 
the sample (in Table 1) on which we supplied a purely provisional first estimate. In the 
sample survey of crop acreage we are at present using a sampling fraction of the order of 
about 1: 150 or 1: 200. In estimating the yield of crops per acre the sampling fraction is 
necessarily far smaller and of the order of 1 : 6,000,000. On the other hand, in small-scale 
work one may go upto such large fractions as 1:20. Mr. Sen is entirely right in thinking 
that the size of samples would depend on the variability of the material. Naturally, it also 
depends on the precision it is desired to attain in the final results, and on permissible budget 
limits. 
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NATIONAL REGISTER OF SCIENTIFIC AND TECHNICAL PERSONNEL 
(GOVERNMENT OF INDIA) 


Government of India is compiling a National Register of all qualified Scientific and Technical 
Personnel of the country. The National Register contains comprehensive data regarding Indian Scientists, 
Engineers, Technologists and Medical specialists at home and abroad; supplies information about regis- 
trants to the employers on request; and provides technical man power data for planning. 

Minimum qualifications for registration are : 

(1) Master's Degree in a Science Subject (including Mathematics and Geo- Sciences). 

(2) Specialisation in Medicine. 

(3) Bachelor's Degree in Agriculture, Veterinary Sciences, etc, 

(4) Diploma in Engineering or Technology. 
Registration is free and Registration Card ‘G’ may be obtained from the National Register Unit, 


CSIR, Old Mill Road, New Delhi. Registration card may also be obtained in person from Public Service 
Commissions, Universities, Employment Exchanges, National Laboratories. 


BIBLIOGRAPHY OF NONPARAMETRIC STATISTICS AND RELATED TOPIOS 


A revision is being made of “Bibliography of Nonparametric Statistics and Related Topics,” 
published in Journal of the American Statistical Association (1953), 48, 844-906. his 


Material through 1959 is to be included with more emphasis, it is hoped, on applieations than 
previously. References (partieularly to the non-English literature), reprints, and technical reports on 
the theory or applications of non-parametric statistics would be greatly appreciated. Also, с Е tions 
and additions to the original bibliography are desired. Materials may be sent to Т, Rich m же 
Stetisties Department, University of Minnesota, Minneapolis, Minnesota, U.S.A, | 9с 
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